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PREFACE. 



-^ Some yean since, I announced to the public an intention of preparing 
a series of text-books in Natural Philosophy and Astronomy, adapted, 
X^ respectively, to Colleges, Academies, and Common Schools. A Treatise 
kA en Natural Philosophy, in two volumes, 8ro, and a Treatise on Astronomy, 
f) in one volume, 8vo, a School Philosophy, and a School Astronomy, each 
in a duodecimo volume, have long been before the public, and have passed 
through numerous editions. Various engagements have prevented my 
completing, until now, the original plan, by adding a work of a form and 
price adapted to the primary schools, and In a style so easy and familiar 
as to be suited to pupils of an earlier age man my previous works. 

In writing a book for the pupils of our Common Schools, or for the 
younger classes in Academies, I do not, however, consider myself as 
writing for the ignorant and uncultivated, but rather for those who have 
but little time for these studies, and who, therefore, require a choice selec- 
tion of principles, of the highest practical utility, and desire the greatest 
possible amount of valuable information on the subjects of Natural Philo- 
sophy and Astronomy, in the smallest compass. The image which I have 
had constantly before me, is that of an intelligent scholar, of either sex, 
from twelve to sixteen years of age, bringing to the subject a mind im- 
proved by a previous course of studies, and a capacity of being interested 
in this new and pleasing department of knowledge. I have imagined the 
learner, after having fully mastered the principles explained in the first 
part, which treats of Natural Philosophy, entering upon Astronomy, in 
the second part, with a capacity much enlarged by what he has already 
acquired, and with a laudable curiosity to learn the secrets of the skies. 
I have imagined his teacher lending him occasional aid from a map of the 
* stars, or a celestial globe, and stimulating as well as rewarding his curi- 
Mb osity, by pointing out to him the constellations. It is hoped, also, that most 
«8 of the teachers who use this work, win have the still higher advantage of 
affording to youthful curiosity a view with which it is always delighted— 
(J that of the moon, planets, and stars, through a telescope. 
5 I should deem myself incompetent to write a book like the present, if 
J i had not been, myself, a teacher, first in a common school, and afterward 
_ in an academy, or grammar school of the higher order. No one, in my 
3 j udgment, is qualified to write text books in any department of instruction, 
2 who does not know, by actual experience, the precise state of mind of the 
* pupils for whom he writes. Several years of experience in teaching the 

^ rudiments of knowledge, in early lifc, and the eductitati trt. *\«%* WcKc* 
a* a later period, have taught me the device* \rj irYfata.Vta ta\xA» *1^% 
learner* are to be addressed, In order that Bub^ec** *.\. «»«* ^^ * w 
requiring some powers of reflection to underaUnd <hicrsxv™»l \* «**»« 
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bended widi perfect clearness, and of coarse with lirely pleasure. Child, 
ren are naturally fond of inquiring into the eausea of things. We may 
eren go farther, and say, that they begin from infancy to interrogate nature 
in the only true and successful mode— that of experiment and observation. 
With the taper, which first axes the gaxe of the infant eye, the child com* 
mencea his observations on heat and light. With throwing from him his 
playthings, to the great perplexity of his nurse, he begins his experiments 
in Mechanics, and pursues them successiTely, as he advances in age, stu- 
dying the law of projectiles and of rotary motion in the arrow and the 
hoop, of hydrostatics in the dam and the water-wheel, and pneumatics in 
the wind-mill and the kite. I have in my possession an amusing and well- 
executed engraving, representing a family scene, where a young urchin 
had cut open the bellows to find the wind. His little brother is looking 
over his shoulders with innocent and intense curiosity, while the angry 
mother stands behind with the uplifted rod, and a countenance which be- 
speaks the wo that impends over the young philosopher. A more judi- 
cious parent would have gently reproved the error ; a more enlightened 
parent might have hailed the omen aa indicating a Newton in disguise. 

It is earnestly hoped mat the Rudiments of Natural Philosophy and 
Astronomy — as much, at least, as is contained in this small volume — will 
be studied in every primary school in our land. In addition to the intel- 
lectual and moral advantages which might reasonably be expected from 
such a general diffusion of a knowledge of tho laws of nature and the 
structure of the universe, incalculable advantages would result to society 
from the acquaintance, which the laboring classes would thus gain, with 
the principles of the arts ; principles which lie at the foundation of their 
daily operations— -for a " principle in science is a rule in art" Such a 
knowledge of philosophical principles would suggest eauier and more 
economical modes of performing the same labor ; it would multiply in- 
ventions and discoveries ; and it would alleviate toil by mingling with it 
a constant flow of the satisfaction which always attends a clear under- 
standing of the principles of the arts. 

Although this treatise is especially designed for schools, yet I would 
venture to recommend it to readers of a more advanced age, who may 
desire a concise and comprehensive view of the most important and prac- 
tical principles of Natural Philosophy and Astronomy, comprising the 
latest discoveries in both mesa sciences. The part on Astronomy, e&i>e- 
cially, when compared with the sketches contained in similar works may 
be found, perhaps, to have some advantages in the selection of points 
moat important to be generally known—in perspicuity of style and 
«rrmngement—mnd in simplicity and folnea* of illustration. It may, how- 
trwer, be more becoming for the author to submit tma co\rc£«xvwu\a\fc& 
Judgment of the intelligent reader. 
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12 NATURAL PHILOSOPHY. 

Swedes and not Russia wrought iron, we deiermiae 
the variety. In regard to a body newly discovered, 
whether an animal, plant, or mineral, we may gene- 
rally discover very readily to what class and order h 
belongs, but it is usually more difficult to determine its 
exact species or variety. 

4. A clear understanding of the method of classifi- 
cation employed in Natural History, will aid us in 
learning the method of determining general principles, 
or laws, in Natural Philosophy. A law is the mode m 
which the powers of nature act ; and this is dotermined 
by the comparison of a great number of particular 
cases. Thus, when we have examined the directions 
of rays of light under a great variety of circumstan- 
ces, and always found them to be in straight lines, we 
say it is a law of light to move in straight lines. Laws 
are more or less extensive, according to the extent of 
phenomena they embrace. Thus, it is a law of the 
magnet that it attracts iron : it is a more extensive law 
(that of gravitation) that all bodies attract each other. 

5. The proper method of investigating any subject 
in Natural Philosophy, is, first, to examine with great 
attention all the facts of the case ; secondly, to clas- 
sify these, by arranging under the same heads, such 
as relate to the same things ; and, thirdly, to state the 
conclusions to which such a comparison of the phe- 
nomena leads us. These conclusions '.constitute the 
laws of that subject. Thus, if we apply heat to vari- 
ous bodies, and measure them before and after heating, 
wc find in all cases that their size is enlarged. Hence 
we derive the law, that heat expands all bodies. If 
we expose solid bodies to a certain degree of heat, 



4. What is a law ? How is it determined 1 How exemplified ia 

the case of light ? Show that laws may be more ot Vcm eix«<taKt*. 

& What is the proper method o/ taettigatfes; awj wAiita\ Wftttnn 

Fbiltmopiiy 1 What is the /irtt step ?— iY« weond *^-^« rd ^~S! 

do the tancluriona constitute ? Give an ernnpe ui vw »» <* * 
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they melt or become liquid, and liquids again are 
changed in the same way to vapor. Having observed 
these effects in a great number of individual cases, we 
lay it down as a law, that heat changes solids to fluids 
and fluids to vapors. By similar inquiries we ascer- 
tain all the laws of heat, which we perceive are, ac- 
cording to our definition, (Art. 4,) nothing more than 
the modes in which heat acts on various bodies. Laws 
or general principles like these, under one or another 
of which all the phenomena of the material world are 
reduced, constitute the elements of Natural Philos- 
ophy. 

6. The laws of nature, when once learned, are ap- 
plied to the explanation of the phenomena of nature 
or art, by a process somewhat similar to that of clas- 
sification in Natural History. It would afford a partial 
explanation of the motion of a steamboat on the water, 
to refer it to the general law of elastic force, which 
steam has in common with air, and several other nat- 
ural agents ; but it would be a more complete expla- 
nation to assign the particular mode in which the force 
acts upon the pistons, wheels, and other parts of the 
machinery. Science is a collection of general princi- 
ples or laws : Art, a system of rules founded on them. 
Arithmetic, so far as it explains the properties of num- 
bers, is a science : so far as it furnishes rules for the 
solution of problems, or for calculation, it is an art. 
A principle in science, therefore, is a rule in art. 

7. The term " Natural Philosophy" originally signi- 
fied, the study of nature in general. But as the objects 

What constitute the dements of Natural Philosophy 1 
& How are the laws of nature applied to the phenomena of no- 
inn and art ? What would be a partial explanation of the motion 
of a steamboat 1 What would be a more complete e^facrttaoA 
Dutingnish between science and art. How Cat \ft *.tyV\vto»\\c. *.*cv- 
emce, mad how for an art 1 What relation have tat vrwcvjk* o$ %** 
swot to the mite of art? 
7. What did the term Natural Philoao^fey ©riffaMdl* W*l 
2 
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that fell under its notice were multiplied, the field be- 
came too vast for one mind, and it was divided into two 
parts — what related to the earth belonged to Natural 
Philosophy, while the study of the heavenly bodies 
was erected into a separate department under the head 
of Astronomy. By and by, however, the whole of 
terrestrial nature, as the objects of inquiry were fur- 
ther multiplied, presented too wide a field for one mind 
to explore, and Natural Philosophy was restricted to 
the investigation of the laws of nature, while the de- 
scription and classification of the productions of the 
several kingdoms of nature, wore assigned to a distinct 
department under the name of Natural History. Still, I 
it was a work too vast to take note of all the pkenom- \ 
ena of nature and art, and investigate all the laws that 
govern them, and hence Natural Philosophy was again - 
divided into Mechanical Philosophy and Chemistry. 
Mechanical Philosophy relates to the phenomena and 
laws of masses of matter ; Chemistry, to the phenom- 
ena and laws of particles of matter. Mechanical 
Philosophy considers those effects only which are not 
attended by any change of nature, such as change of 
place, (or motion,) change of figure, and the like. 
Chemistry considers those effects which result from 
the action of the particles of matter on each other, 
and which more or less change the nature of bodies, 
so as to make them something different from what 
they were before. Finally, it became too much for 
one class of laborers to investigate the changes of na- 
ture or constitution, which are constantly going on in 
every body in nature, and in every process, natural or 
artificial, and Chemistry was, therefore, restricted to 

Why was it divided into two parts? What belonged to t Natural 

Philosophy 1 What to Astronomy 1 How was Natural Philosophy 

m)) further divided 1 To what waB it restricted \ wWv*%* w»%t*& 

to Natural History 1 Into what was NatutaX IftrnManrc^y *w&. &v«v 

&? f To what do ** Mechanical Philowphy teWle 1 ^S-W?ov*! 

Whmt tfkta do*a Mechanical Philosophy cowadw \ V^«fc »» 
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bammats matter, while what relates to living matter 
was erected into a separate department under the head 
of Physiology. jAr 

8. Natural History, moreover, found for itself an 
empire too vast, in attempting to describe and classify 
the external appearances of all things in nature. 
Hence this study has been successively divided into 
various departments, the study of vegetables being re- 
ferred to Botany ; of animals to Zoology ; of inanimate 
substances to Mineralogy. Still further subdivisions 
have been introduced into each of these branches of 
Natural History, as the objects embraced in it have 
multiplied. Thus, the study of that branch of Zoolo- 
gy which relates to fishes, has been erected into a 
separate department under the head of Ichthyology ; 
of birds into Ornithology ; and of insects into En- 
tomology. 

9. A division of the studies which relate to the 
world we inhabit, has also been made into three de- 
partments, Geography, Geology, and Meteorology ; all 
objects on the surface of the earth being assigned to 
Geography ; beneath the surface, to Geology ; and 
above the surface, to Meteorology. Of these, Geog- 
raphy, in this extensive signification, presents the 
largest field, since it comprehends, among other things, 
man and his works. 

10. Mechanical Philosophy is, strictly speaking, 
ihe branch of human knowledge which we now pro- 
pose to learn ; but it still retains the original name, 
Natural Philosophy, though in a sense greatly ro- 
tary 1 How waa Chemistry divided 1 To what restricted, and 
what was assigned to Phyiologu f 

8. Into what has Natural History been successively divided 1 
What was referred to Botany ? What to Zoology t What to Min- 
trmlogy? What further subdivisions have been introduced into 
each of tfapse brancbts 1 

9. Into what thru departments has att tent«ft\*\ miVKK^fctfeSv- 
rided 1 What is assigned to Geography ?— vA»\ to G«o\af*,V- *»fc 
what to Meteorology f Which presents ui« Vai^wX teNdA 
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stricted, compared with its ancient signification. The 
complete investigation of almost any subject, either of 
nature or art, usually, in fact, enters the peculiar pro- 
vince of several kindred departments of science. Foi 
example, let us follow so simple a substance as bread, 
from the sowing of the grain to its consumption as 
food, and we shall find that the successive processes 
involve, alternately, the principles of Mechanical Phi- 
losophy, Chemistry, and Physiology. The ploughing 
of the field is mechanical and not chemical, because 
it acts on masses of matter, and produces no change 
of nature in the matter on which it operates, so as to 
make it something different from what it was before, 
but merely changes its place. For similar reasons the 
sowing of the grain is mechanical. But now a change 
occurs in the nature of the seed. By the process 
called germination, it sprouts and grows and becomes 
a living plant. As this is a change which takes place 
between the particles of matter, and changes the na- 
ture of the body, it seems, by our definition, to belong 
to Chemistry, and it would do so were not the changes 
those of living matter : that brings it under the head 
of Physiology. All that relates to the growth and 
perfecting of the crop is, in like manner, physiological. 
The reaping, carting, and threshing the wheat, are all 
mechanical processes, acting as they do on masses of 
matter, and producing no alteration of nature, but 
merely a change of place. The grinding and separa- 
tion of the grain into flour and bran, looks like a chem- 
ical process, because it reduces the wheat to particles, 
and brings out two new substances. We have, how- 
ever, only changed the figure and place. The grain 

10. What is strictly our subject 1 What other name does it still re- 
tain 1 What is true of the complete investigation of any subject in 
nature or art f How exemplified in the caw: of lireadl ^NVv^j Sa>ta* 
p/ou#Aing mechanical 1 Why is the sowing mec\uMi\c«\\ N*\vj \»>fcv% 
Vrminotion physiological 1 How is it w'\Uk tue reaping , «£^* **»" 
™*Mng? The grinding and manufacture \nU> JW 1 TA*ku^tX« 
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consists of the same particles before and after grind- 
ing, and no new substance is really produced by the 
separation of the flour from the bran, for both were con- 
tained in the mixture, haying the same nature before as 
after the separation. We next mix together flour, water, 
and yeast, to make bread, and bring it to the state of 
dough. So far the process is mechanical ; but now 
the particles of these different substances begin to act 
on each other, by the process called fermentation, and 
new substances are produced, not existing before in 
either of the ingredients, and the whole mass becomes 
something of a very different nature from either of the 
articles of which it was formed. Here then is a chem- 
ical change. Next we make the dough into loaves and 
place them in the oven by processes which are me- 
chanical ; but again heat produces new changes among 
the particles, and brings out a new substance, bread, 
which is entirely different in its nature both from the 
original ingredients and from dough. This change, 
therefore, is chemical. Finally, the bread is taken into 
the mouth, masticated, and conveyed to the stomach 
by mechanical operations ; but here it is subjected to 
the action of the principle of life that governs the ani- 
mal system, and therefore again comes under the pro- 
vince of physiology. 

11. The distinction between terms, which are apt 
to be confounded' with each other, may frequently be 
expressed by single words or short phrases, although 
they may not convey full and precise definitions. The 
following are examples : History respects facts ; Phi- 
losophy, causes ; Physics, matter ; Metaphysics, mind ; 
Science, general principles ; Art, rules and instruments. 
Physical laws are modes of action ; moral and civil 

bread? lis fermentation ? Forming into loaves and placing in the 
oven ? The baking; ?— eating ?— the final change in the stomacM. 

11/ What does History respect 1 What ¥h\Ybw>vM <t '—^ >w J'* x ^ v " 
Metaphysical— Science 1— Art 1 What ate \>Vw«Wft\ *»& ^^ 
moral Jaws 7 What ia the province ot NaU>ta\, wn& vA»X ^<A> * 
2* 

A 
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laws, rule$ of action. The province of Natural Philos. 
ophy is the material world ; that of Moral Philosophy 
is the soul. Mechanical effects result from change of 
place or figure; Chemical, from change of nature. 
Chemical changes respect inanimate matter ; Physio- 
logical, living matter. 

12. Mechanical Philosophy takes account of such 
properties of matter only as belong to all bodies what- 
soever, or of such as belong to all bodies in the same 
state of solid, fluid, or aeriform. These are few in 
number compared with the peculiar properties of indi- 
vidual bodies, and the changes of nature which they 
produce on each other, all of which belong to Chemis- 
try. Chemistry, therefore, is chiefly occupied with 
matter ; Natural Philosophy, with motion. The lead* 
nig subjects of Natural Philosophy are— 

1. Matter — its general properties. 

2. Mechanics — the doctrine of Motion. 

3. Hydrostatics — the doctrine of Fluids in the form 
of water. 

4. Pneumatics — the doctrine of Fluids in the form 
of air. 

5. Meteorology — the Atmosphere and its phe- 
nomena. 

6. Acoustics — the doctrine of Sound. 

7. Electricity. 

8. Magnetism. 

9. Optics — the doctrine of Light. 

Moral Philosophy 1 From what do mechanical effects result t— 
from what chemical 1 What do chemical changes respect, and 
what physiological 1 

12. Of what properties does Mechanical Philosophy take account 1 
With what is chemistry chiefly occupied 1— with what is Natural 
Philosophy 1 Enumerate the leading subject* of Natural Phi* 
rfsjophy. 



CHAPTER I. 
GENERAL PROPERTIES OF MATTER. 

EXTENSION AND IMPENETRABILITY — DIVISIBILITY — POROSITY — COM. 
r&EMIBILITY ELASTICITY — INDESTEUCTIBILITY — ATTRACTION. 

13. All matter has at least two properties — Exten- 
sion and Impenetrability. The smallest conceivable 
portion of matter occupies some portion of space, and 
has length, breadth, and thickness. Extension, there- 
fore, belongs to all matter. Impenetrability is the 
property by which a portion of matter excludes all 
other matter from the space which it occupies. . Thus, 
if we drop a bullet into water, it does not penetrate 
the water, it displaces it. The same is true of a nail 
driven into wood. These two properties of matter are 
all that are absolutely essential to its existence ; yet 
there are various other properties which belong to 
matter in general, or at least to numerous classes of 
bodies, more or less of which are present in all bodies 
with which we are acquainted. Such are Divisibility, 
Porosity, Compressibility, Elasticity, Indestructibility, 
and Attraction. Matter exists in three different states', 
of solids, liquids, and gases. These result from its 
relation to heat ; and the same body is found in one or 
the other of these states, according as more or less 
heat is combined with it. Thus, if we combine with 
a mass of ice a certain portion of heat, it passes from 
the solid to the liquid state, forming water ; and if we 
add to water a certain other portion of heat, it passes 
into the same state as air, and becomes steam. Chem- 
istry makes known to us a great number of bodies in 

IS. What are the two euenlial properties of matter 1 Wtvj &*» 
extension belong to aU matter 1 Define in\^ei\e\i^\\\\.v ,^\A iv*^ 
an example, what other properties belong to m«X\er\ \fc h*\ns& 
*— dioetmt atatea doaa matter exist 1 Hirer exftTK^btaA. \»/w« 
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the agriform state, called gases, arising from the union 
of heat with various kinds of matter. The particles 
which compose water, for example, are of two kinds, 
oxygen and hydrogen, each of which, when united 
with heat, forms a peculiar kind of air or gas. 

14. Matter is divisible into exceedingly minute parts. 
A leaf of gold, which is about three inches square, 
weighs only about the fifth part of a grain, and is only 
the 282,000th part of an inch in thickness. Soap 
bubbles, when blown so thin as to display their gaudy 
colors, are not more than the 2,000,000th of an inch 
thick ; yet every such film consists of a vast number 
of particles. The ultimate particles of matter, or 
those which admit of no further division, are called 
atoms. The atoms of which bodies are composed are 
inconceivably minute. The weight of an atom of 
lead is computed at less than the three hundred bil- 
lionth part of a grain. Animalcules (insects so small 
as to be invisible to the naked eye, and seen only by 
the microscope) are sometimes so small that it would 
take a million of them to amount in bulk to a grain of 
sand ; yet these bodies often have a complete organi- 
zation, like that of the largest animals. They have 
numerous muscles, by means of which they often 
move with astonishing activity ; they have a digestive 
system by which their nutriment is received and ap- 
plied to every part of their bodies ; and they have 
numerous vessels in which the animal fluids circulate 
What must be the dimensions of a particle of one of . 
these fluids ! 

15. A large portion of the volume of all bodies con- 
sists of vacant spaces ^ or pores. Sponge, for example, 
exhibits its larger pores distinctly to the naked eye. 



tert What are bodies in the Btate of a\t cd&e&t N4ta\«un*. \ 
maintains matter in the state of gasl 
14. JXvt9j6i/££y.—Examn\e% in gold \eaf— eoa^ Vfcfcte*- 7^™-**% 
a/oms t- weight of an atom of \ead*\ WYiaX axe %»obAbAm\ 
vbow the extreme minuteness of their parts. 



GENERAL PROPERTIES OF MATTEE. 31 

But it also has smaller pores, of which the more solid 
matter of the sponge itself is composed, which are 
usually so small as to be but faintly discernible to the 
naked eye. The cells which these parts compose are 
separated by a thin fibre, which itself exhibits to the 
microscope still finer pores ; so that we find in the 
same body several distinct systems of pores. Even 
the heaviest bodies, as gold, have pores, since water, 
when enclosed in a gold bail and subjected to strong 
pressure, may be forced through the sides. Most an- 
imals and vegetables consist in a great degree of mat- 
ter that is exceedingly porous, leaving abundant room 
for the peculiar fluids of each to circulate. Thus, a 
thin slip or cross section of the root or small limb of a 
tree, exhibits to the microscope innumerable cells for 
the circulation of the sap. 

16. All bodies are more or less compressible, or may 
be reduced by pressure into a smaller space. Bodies 
differ greatly in respect to this property. Some, as 
air or sponge, may be reduced to a very small part of 
their ordinary bulk, while others, as gold and most 
kinds of stone, yield but little to very heavy pressures. 
Still, columus of the hardest granite are found to un- 
dergo a perceptible compression when they are made 
to support enormous- buildings. Water and other 
liquids strongly resist compression, but still they yield 
a little when pressed by immense forces. 

17. Many bodies, after being compressed or extended, 
restore themselves to their former dimensions, and hence 
are called elastic. Air confined in a bladder, a sponge 
compressed in the hand, and India-rubber drawn out, 
are familiar examples of elastic bodies. If we drop 

15. Porotity.— Exfemple in spouse. What proof is there that 
gold is porous 1 How do we learn that animal and vegetable mat. 
ctr is porous 1 

16. Comprt**ibUity.— How do bodies differ m\>M& ra^wx\ "^V*v 
- Ji ? emaly field to pressure V- what yie\d Yiute\ 'ttssro W\Wv&> 

* 1—with water 1 
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on the floor a ball of yarn, or of ivory or glass, it rev 
bounds, being more or less elastic ; whereas, if we do 
the same with a ball of lead, it falls dead without re- 
bounding, and is therefore non-elastic. When a body 
perfectly recovers its original 
dimensions, it is said to be 
I perfectly elastic. Thus, air it 
I perfectly elastic, because it 
[ completely recovers its former 
I volume, as soon as the com- 
pressing force is removed, 
I and hence resists compression 
I with a force equal to that 
I which presses upon it. Wood, 
I when bent, seeks to recover 
I itself on account of its elasti- 
city ; and hence its use in the 
I bow and arrow, the force with 
I which it recovers itself being 
[suddenly imparted to the ar- 
row through the medium of 
the string. 

18. Mailer is wholly indestructible. In all the chan- 
ges which we see going on in bodies around us, not a 
particle of matter is lost ; it merely changes its form ; 
nor is there any reason to believe that there is now a 
particle of matter either more or less than there was 
at the creation of the world. When we boil water 
and it passes to the invisible state of steam, this, on 
cooling, returns again to the state of water, without 
the least loss ; when we burn wood, the solid matter 
of which it is composed passes into different forms, 




17. EUuticUy.—Gire examples. Show the difference between 
balls of ivory and lead. When is a body perfectly elastic 1 Girt 
an example. Explain the philosophy of the bow and arrow. 

18 IndeMructibMty.—}* matter e*ei annihilated ot destroyed 1 
W hut become* of water when boiled, *i»d ©S vtooA^YtKn\»xn*&\ 
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iome into smoke, some into different kinds ot airs, or 
gases, some into steam, and some remains behind in 
the state of ashes.. If we should collect all these 
various products, and weigh them, we should find the 
amount of their several weights the same as that of 
the body from which they were produced, so that no 
portion is lost. Each of the substances into which 
the wood was resolved, is employed in the economy 
of nature to construct other bodies, and may finally 
reappear in its original form. In the same manner, 
the bodies of animals, when they die, decay and seem 
to perish ; but the matter of which they are composed 
merely passes into new forms of existence, and reap- 
peara in the structure of vegetables or other animals. 
19. All matter attracts all oilier matter. This is 
true of all bodies in the Universe. In this extensive 
sense, attraction is called Universal Gravitation. In 
consequence of the attraction of the earth for bodies 
near it, they fall toward it, and this kind of attraction 
is called Gravity. Several distinct cases of this prop- 
erty occur also among the particles of matter. That 
which unites particles of the same kind (as those of a 
musket ball) in one mass, is called Aggregation ; that 
which unites particles of different kinds, forming a 
compound, (as the particles of flour, water, and yeast 
in bread,) is Affinity. The term Cohesion is used to 
denote simply the union of the separate parts that 
make up a mass, without considering whether the par- 
ticles themselves are simple or compound. Thus the 
grains which form a rock of sandstone, are united by 
cohesion. Magnetism and electricity also severally 
endue different portions of matter with tendencies 
either to attract or repel each other, which are called, 

What become* pf the bodies of animate when they die 1 

19. Attraction.— How extensive? What is it called when. %.> 

plied to all the bodies in the universal Wto taVra&^fe&Awwmt 

the eurth 1 What is this kind of attraction c&edA >N\«X*va%3i»«V 

noat-aOniiy l—cohesion % Give an examvV* <A eu&u Nlw« 
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respectively, Magnetic and Electric attractions. Te* 
nacitpt or that force hy which the particles of matter 
hang together, is only a form of cohesion. Of all 
known substances, iron wire has the greatest tenacity. 
A number of fine wires bound together constitute what 
is called a wire cable. These cables are of such pro- 
riigious strength that immense bridges are sometimes 
Fig. 2L 




suspended by them. The Menai bridge, in Wales, 
one of the greatest works in modern times, is thus 
supported at a great height, although it weighs toward 
two thousand tons. 



CHAPTER II. 
MECHANICS. 

NOTION IN GENERAL — LAWS OF MOTION — CENTXE OF OEATITT— 
PRINCIPLES OF MACHINMAT. 

20. Mechanics, or the Doctrine of Motion, is that 
part of Natural Philosophy which treats of the laws qf 
equilibrium and motion. It considers also the nature 
of the forces which put bodies in motion, or which 
maintain them either in motion, or in a state of rest or 
equilibrium. The great principles of motion are the 

Mtmgoetic and electric attractions'* Define tenacity. What sub- 
**nce bag the greatest 1 How employed ui^wA 

M>. Define mfnhnn'inn What ami thnae noeivte cW&fefc. 'wVtt&v thSl 
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same everywhere, being applicable alike to solids, 
liquids, and gases ; to the most common objects around 
us, and to the heavenly bodies. The science of Me- 
dia Lies, therefore, comprehends all that relates to the 
laws of motion ; to the forces by which motion is pro- 
duced and maintained ; to the principles and construc- 
tion of all machines ; and to the revolutions of the 
heavenly bodies. 

Section 1. — Of Motion in general. 

21. Motion is change of place from me point of 
space to another. It is distinguished into real and 
apparent ; absolute and relative ; uniform and variable. 
In real motion, the moving body itself actually changes 
place ; in apparent motion, it is the spectator that 
changes place, but being unconscious of his own mo- 
tion, he refers it to objects without him. Thus, when 
we are riding rapidly by a row of trees, these seem 
to move in the opposite direction ; the shore appears 
to recede from the sailor as he rapidly puts to sea ; 
and the heavenly bodies have an apparent daily motion 
westward, in consequence of the spectator's turning 
with the earth on its axis to the east. Absolute mo- 
tion is a change of place from one point of space to 
another without reference to any other body : Relative 
motion is a change of position with respect to some 
other body. Two bodies may both be in absolute mo- 
tion, but if they do not change their position with 
respect to each other, they will have no relative mo- 
tion, or will be relatively at rest. The men on board 
a ship under sail, have all the same absolute motion, 

bodies in motion or keep them at rest 1 How extensively do the 
great principles of motion prevail 1 What does the science of me- 
chanics comprehend 1 

21. Define motion. Into what varieties is it distinguished 1 Ex- 
plain the difference between real and apoarenl mo\\oik. <o\n* tr- 
amples- of apparent motion. Distinguish DetYreen tfawAwV* «sA ?«- 
ktive motion. Eiamp e in the case of pextoiA ou\>o*x& * &\v 



26 NATUKAL PHILOSOPHY. 

and so long as they are still, they hare no other ; bat 
whatever changes of place occur among themselves, 
give rise to relative motions. If two persons are 
travelling the same way, at the same rate, whether in 
company or not, they have no relative motion ; if one 
goes faster than the other, the latter has a relative 
motion backward equal to the difference of their rates ; 
and if they are travelling in opposite directions, their 
relative motion is equal to the sum of both their mo- 
tions. A body moves with a uniform motion when it 
passes over equal spaces in equal times ; with a vari 
able motion, when it passes over unequal spaces in 
equal times. If a man walks over just as many feet 
of ground the second minute as the first, and the third 
as the second, his motion is uniform ; but if he should 
walk thirty feet one minute, forty the next, and fifty 
the next, his motion would be variable. 

22. Force is any thing that moves, or tends to move a 
body. The strength of an animal exerted to draw a 
carriage, the impulse of a waterfall in turning a wheel, 
and the power of steam in moving a steamboat, are sev- 
erally examples of a force. A weight on one arm of 
a pair of steelyards, in equilibrium with a piece of 
merchandise, although it does not move, but only tends 
to move the body, is still a force, since it would pro- 
duce motion were it not counteracted by an equal force. 
The quantity of motion in a body is called its momen- 
tum. Two bodies of equal weight, as two cannon- 
balls, will evidently have twice as much motion as 
one ; nor would it make any difference if they were 
united in one mass, so as to form a single body of 
twice the weight of the separate balls ; the quantity of 
motion would be doubled by doubling the mass, while 
the velocity remained the same. Again, a ball that 

in the case of travellers! When does a body uwie'NVta. vm|oi 
motion 1 When with variable motion 1 Bxamv\e. „ -, 
22. Define force. Examples. W\mX is momexLVataA \3v^^ 
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moves twice as fast as before, has twice the quantity 
of motion. Momentum therefore depends upon two 
Jungs — the velocity and quantity of matter. A large 
body, as a ship, may have great momentum with a slow 
motion ; a small body, as a cannon-bail, may have 
great momentum with a swift motion ; but where great 
quantity of matter (or mass) is united with great swift- 
ness, the momentum is greatest of all. Thus a train 
of cars on a railroad moves with prodigious momen- 
tum ; but the planets in their revolutions around the sun, 
with a momentum inconceivably greater. 

23. To the eye of contemplation, the world presents 
a scene of boundless activity . On the surface of the 
earth, hardly any thing is quiescent. Every tree is 
waving, and every leaf trembling ; the rivers are run- 
ning to the sea, and the ocean itself is in a state of 
ceaseless agitation. The innumerable tribes of ani- 
mals are in almost constant motion, from the minutest 
insect to the largest quadruped. Amid the particles of 
matter, motions are unceasingly going forward, in as- 
tonishing variety, that are effecting all the chemical 
and physiological changes to which matter is constantly 
subjected. And if we contemplate the same subject 
on a larger scale, we see the earth itself, and all that 
it contains, turning with a steady and never ceasing 
motion around its own axis, wheeling also at a vastly 
swifter rate around the sun, and possibly accompany- 
ing the sun himself in a still grander circuit around 
some distant center. Hence, almost all the phenom- 
ena or effects which Natural Philosophy has to inves- 
tigate and explain are connected with motion and de- 
pendent on it. "^5 

two things does it depend 1 What union of circumstances produces 
great momentum 1 Example. 

23. What proofs of activity do we see in nature 1 Give en&KVQle& 
in the vegetable kingdom— in the animal— amoug ft& v**^** ^ 
tanner— und among the heavenly bodies. "Uwhi vft«X «t«t ^sassA 
all the phenomena of Natural Philosophy deveu&eirtA 
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Sec. 2.— Of the Laws of Motion. 

24. Nearly all the varieties of motion that fall with 
in the province of Mechanical Philosophy, have been 
reduced to three great principles, called the Laws of 
Motion. We will consider them separately. 

First Law. — Every body wiM persevere in a state of 
rest, or of uniform motion in a straight line, until com- 
pelled by some force to change its state. This law 
cnrtajns four separate propositions ; first, that unless 
p0t In motion by some external force, a body always 
remains at rest ; secondly, that when once in motion 
it always continues so unless stopped by some force ; 
thirdly, that this motion is uniform ; and fourthly, that 
it is in a straight line. Thus, if I place a ball on a 
smooth sheet of ice, it will remain constantly at rest 
until some external force is applied, having no power 
to move itself. I now apply such force and roil it ; 
being set in motion, it would move on forever were 
there no impediments in the way. It will move uni- 
formly, passing over equal spaces in equal times, and 
it will move directly forward in a straight course, turn- 
ing neither to the right hand nor to the left. This 
property of matter to remain at rest unless something 
moves it, and to continue in motion unless something 
stops it, is called Inertia. Thus the inertia of a steam- 
boat opposes great resistance to its getting fully into 
motion ; but having once acquired its velocity, it con- 
tinues by its inertia to move onward after the engine is 
stopped, until the resistance of the water and other 
impediments destroy its motion. The planets continue 
to revolve around the sun for no other reason than 
this, that they were put in motion and meet with noth- 
ing to stop them. Whenever a horse harnessed to a 
carriage starts suddenly forward, he breaks his traces, 

24. To how many great principles have all the varieties of motion 
been reduced 1 What are they catted ** State tab fa*, tan. Vlwvv 
merate the four propositions contained Va lYua taw. Y^axw&fc. 
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because the inertia of the carriage prevents the sudden 
motion being instantly propagated through its mass, 
and the force of the horse being all expended on the 
traces, breaks them. On the other hand, if a horse 
suddenly stops, when on a run, the rider is thrown 
over his head ; for having acquired the full motion of 
the horse, he does not instantly lose it, but, on ac- 
count of his inertia, continues to move forward after 
the force that put him in motion is withdrawn. This 
principle is pleasingly illus- 
trated in what is called the 
doubling of the hare. A hare 
closely pursued by a grey- 
hound, starts from A, and when 
he arrives at C, the dog is J 
hard upon him; but the hare 
being a lighter animal than 
the dog, and having of course 
less inertia, turns short at C 
and again at E, while the dog 
cannot stop so suddenly, but goes further round at 
D and also F, and thus the hare outruns him. Put 
a card of pasteboard across a couple of wine glass- 
es, and two sixpences di- Fi 4. 
rectly over the glasses, ** 
as in the figure ; then / & @ \ 

strike the edge of the ■- 

card at A a smart blow, 

and the card will slip 

off and leave the money 

hi the glasses. The 

coins, on account of their inertia, do not instantly 

receive the motion communicated to the card. If the 

blow, however, be gentle, all will go off together. 





What is inertia, t Example in a steamWx— ycv xY\ft ^Mua*- 3 ^ ' 

1 -\ the doubling of a hare — and in \\vc ew& *»A <tb\\u 

3* 
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Fig. 5. 



26. The first law of motion also asserts, that all 
moving bodies have a tendency to move in straight 
lines. We see, indeed, but few examples of such 
motions either in nature or art. If we throw a ball 
upward, it rises and falls in a curve ; water spouting 
into the air does the same ; rivers usually run and 
trees wave in curves ; and the heavenly bodies re- 
volve in apparent circles. Still, when wc attentively 
examine each of these cases, and every other case of 
motion in curves, we find one or more forces opera- 
ting to cause the body to deviate from a 
straight line. When such cause of de- 
. viation is removed, the body immedi- 
ately resumes its progress in a straight 
line. This effort of bodies, when mov- 
ing in curves, to proceed directly for- 
ward in a straight line, is called the 
Centrifugal Force. If we turn a grind- 
stone, the lower part of which dips into 
water, as the velocity increases the 
water is thrown off from the rim in 
straight lines which touch the rim and 
are therefore called tangents* to it ; and 
it is a general principle, that when bodies 
free to move, revolve in curves about a 
center, they have a constant tendency to 
fly off in straight lines, which are tan- 
gents to the curves. We see this princi- 
ple exemplified in giving a rotary mo- 
tion to a pail or basin of water. The 
liquid first rises on the sides of the vessel, and if the 
rapidity of revolution bo increased, it escapes from 

* A line if said to be a tangent to a curve, when it touches the curve, but 
Iota not cut it. 

25. Are the motions observed in the natural world, usually per- 
ormed in straight or in curved lineal Why vW Va'\x wajLth**. hod- 
'ee naturally move in straight lineal What \a &\& efott. vo vtvwt vd, 
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the top in straight lines which are tangents to the rim 
of the vessel. If we pass a cord through a staple in 
the ceiling of a room, and bringing down the two 
ends, attach them to the ears of a pail containing a 
little water, (suspending the vessel a few feet above 
the floor,) and then, applying the palms of the hands 
to the opposite sides of the pail, give it a steady rotary 
motion, the water will first rise on the sides of the 
vessel and finally be projected from the rim in tan- 
gents. The experiment is more striking if we suffer 
the cord to untwist itself freely, after having been 
twisted in the preceding process. 

26. Second Law. Motion, or change of motion, 
is proportioned to the force impressed, and is produced 
m the line of direction in which that force acts. First, 
the quantity of motion, or momentum, is proportioned 
to the force applied. A double blow produces a 
double velocity upon a given mass, or the same velo- 
city upon twice the mass. Two horses applied with 
equal advantage to a load, will draw twice the load 
of one horse. It follows also from this law, that every 
force applied to a body, however small that force may 
be, produces some motion. A stone falling on the* 
earth moves it. This may seem incredible ; but if 
we suppose the earth divided into exceedingly small 
parts, each weighing only a pound for example, then 
we may readily conceive how the falling stone would 
put it in motion. Now the effect is not lost by being 
expended on the whole earth at once ; the momen- 
tum produced is the same in both cases ; but in pro- 
portion as the quantity of matter is increased the 
velocity is diminished, and it would be as much less 



straight lines called 1 Example in a grindstone— in a suspended 
ressel of water. ... 

28. What is the second law of motion t Show thai tAy* <wantafcs 
of motion is proportioned to the force app\ied. W^^ ^* 
rnn s Ur/f f force produces some motion. 
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as the weight of the whole earth exceeds one pound 
It would therefore be inappreciable to the senses, bu 
still capable of being expressed by a fraction, an 
therefore a real quantity. « A continual droppin 
wears away stone." Each drop, therefore, must con 
tribute something to the effect, although too small 1 
be perceived by itself. 

27. Secondly, motion is produced in the line o 
direction in which the force is applied. If I lay 
ball on the table and snap it with my thumb and tinge] 
it moves in different directions according as 1 chang 
the direction of the impulse ; and this is conformabl 
to all experience. A single force moves a body i 
its own direction, but two forces acting on a body i 
the same time, move it in a line that is intermediat 
between the two. Thus, if I place a small ball, as 
marble, on the table, and at the same moment snap : 
with the thumb and finger of each hand, it will n< 
move in the direction of either impulse, but in a lin 
between the two. A more precise consideration o 
this case has led to the following important law : 

If a body is impelled by two forces which may be n 
presented in quantity and direction by the two sides oj 
a parallelogram, it will describe the diagonal in the sam 
time in which it would have described each of the side 
separately, by the force acting parallel to that side. 

Thus, suppose the parallelogram A B C D, reprc 
sents a table, of which the side A B is just twice th 
length of A D. I now place the ball on the corner A 
(fit and nail a steel spring (like a piece of watch spring 
V- to each side of the corner, so that when bent back 
may be sprung upon the ball, and move it parallel t 
the edge of the table. I first spring each force ser 
aratcly, bending back that which acts parallel to th 

27. Show that motion ie in the line of direction of the fore* 
How does a single force move a body \ Wovi do vw«* fo\<y» \xv«n 
// 1 Recite thelstw represented in figure 6, wad w&Y&\u >\\* tv^a 
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longer side to much further than the other, that the 
hall will move over the two aides in precisely the 
same time, sup. j^ a 

pose two sec- D _ 

onds. I now let I "~ I c 

off the springs 
on the ball at 
the same in- 
stant, and the 
ball moves a- 
cross the table, , 

from corner to * W — !=^— •— — 'B 

corner, in the 
same two sec- 
onds. It is not necessary that the parallelogram 
should be right-angled like a table. The effect will 
be the same at whatever angle the sides of the paral- 
lelogram meet. ~'N^- 

28. If I take a triangular board instead of the table, 
and fix three springs at one corner, so as to act paral- 
lel to the three sides of the board, and give each 
spring a degree of strength proportioned to the length 
of the side in the direction of which it acts, and then 
let all those springs fall upon the ball at the same in- 
stant, the ball will remain at rest. This fact is ex- 
pressed in the following proposition : 

If three forces, represented in quantity and direction 
by the three sides of a triangle, act upon a body at the 
same time, it urill be kept at rest. 

A kite is seen to rest in the air on this principle, 
being in equilibrium between the force of gravity 
which would carry it toward the earth, that of the 
string, and that of the wind, which severally act in 
the three directions of the sides of a triangle, and 

*/%£ ■ Wh u l 1 **? effect of thra forces, represented va c^%»X\*| «k 
iWr thmprmaph 1 U the principle eooftiMd lo feten ******«■ 
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neutralize each other. Nor is the principle confined 
to three directions merely, bat holds good for a poly- 
gon of any number of sides. For example, a body 
situated at A, and acted upon by five forces repre- 
B p. 7 sented in quantity 

'*■ ' and direction by 

the five sides of 
the polygon, (Fig. 
7,) would remain 
at rest. If the for- 
ces were only four, 
corresponding to 
all the sides of the 
figure except the 
last, EA, then the 
body would de- 
scribe this side in 
the same time in 
which it would de- 
scribe each of the sides by the forces acting sepa- 
rately. 

29. Simple motion is that produced by one force ; 
compound motion, that produced by the joint action of 
several forces. Strictly speaking, we never witness 
an example of simple motion ; for when a ball is 
struck by a single impulse, although the motion is 
simple relatively to surrounding bodies, yet the ball 
is at the same time revolving with the earth on its 
axis and around the sun, and subject perhaps to innu- 
merable other motions. Although all bodies on the 
earth are acted on at the same moment by many for- 
ces, and therefore it is difficult or even impossible to 
tell what is the line each describes in space under 




Case of rt polygon of five sides. "Where only four forces are ap- 
p)ied, how will the body move 1 

29. What is simple, and what compound Tw>\AwaA Yto >w* «"w* 
witness simple motions in natute^ lix»m;i\e. "WYv%u * tost% \* 
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their joint action, yet each individual force produces 

precisely the same change of direction in the body 

as though it were to act alone. If it acts in the same 

direction in which the body is moving, it will add its 

own amount ; if in the opposite direction, it will sub- 

tract it ; if sidewise, it will turn the body just as far 

to the right or left in a given time, as it would have 

done had it been applied to the body at rest. Thus, if 

while a body is moving y g 

from A to B, (Fig. 8,) it c D 

be struck by a force in the 

direction of AC, it will 

reach the line CD, in the 

same time in which it 

would have done had it 

been subject to no other 

force. It will, however, 

reach that line in the point 

D instead of C. When a a" 

man walks the decks of a ship under sail, his motions 

are precisely the same with respect to the other objects 

on board, as though the ship were at rest ; but the line 

which he actually describes under the two forces is 

very different. 

30. Instances of this diagonal motion are con- 
stantly presented to our notice. In crossing a river, 
the boat moves under the united impulses of the oars 
and the current, and describes the diagonal whose 
sides are proportional to the two forces respectively. 
Equestrians sometimes exhibit feats of horsemanship 
by leaping upward from the horse while running, and 
recovering their position again. They have, in fact, 



applied to a body in motion, what is the effect 't EiX^XWuv fa»T&^Y%» 
8. Case of a man walking the deck of a Bh\p. 
90. Examples of diagonal motion. A. boaV ciomtifc * \v*«- 
aquestrians— Two men in a boat totting a ball— Romiv* 
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only to rise and fall as they would do were the horse 
at rest ; for the forward motion which the rider re- 
Cains by his inertia, during the short interval of his 
ascent and descent, carries him onward, so that he 
rises in one diagonal and falls in another. Two men 
sitting on opposite sides of a boat in rapid motion, will 
toss a ball to each other in the same manner as though 
the boat were at rest ; but the actual movement of the 
ball will be diagonal. Rowing, itself, exemplifies the 
same principle ; for while one oar would turn the 
boat to the left and the other to the right, it actually 
moves ahead in the diagonal between the two direc- 
tions. 

31. When, of two motions impressed upon a body, 
one is the uniform motion which results from an im- 
pulse, and the other is produced by a force which acts 
continually, the path described is a curve. Thus, 
when we shoot an arrow into the air, the impulse given 
by the string tends to carry it forward uniformly in a 
straight line ; but gravity draws it continually away 
from that line, and makes it describe a curve. In 
the same manner the planets are continually drawn 
away from the straight lines in which they tend to 
move, by the attraction of the sun, and are made to 
describe curved orbits about that body. 

32. Third Law. When bodies act on each other, 
XLctUm and reaction are equal, and in opposite directions. 
The meaning of this law is, that when a body imparts 
a motion in any direction, it loses an equal quantity 
of its own — that no body loses motion except by im- 
parting an equal amount to other bodies — that when a 
body receives a blow it gives to the striking body an 
equal blow — that when one body presses on another it 
receives from it an equal pressure — that when one body 

31. Under what two forces will a body describe a curve 1 Exam- 
pies— An arrow— The planets. 
82. Give the third law of motion. T&x\ta&it\toTiftftWM«&. ^assa 
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attracts or repels another, it is equally attracted or re- 
pelled by the other. If a steamboat should run upon 
a sloop sailing in the same direction with a slower 
tnotion, it might drive it headlong without experien- 
cing any great shock itself; still its own loss of motion 
would be just equal to that which it imparted to the 
sloop, but being distributed over a quantity of matter 
so much greater, the loss might be scarcely percep- 
tible. If a light body, as the wad of a cannon, were 
fired into the air, it would be stopped by the resistance 
of the air ; but its own motion would be lost only as it 
imparted the same amount to the air, and thus might 
be sufficient, on account of the lightness of air, to set 
a large volume in motion. When the boxer strikes his 
adversary, he receives an equal blow from the reaction 
of the part struck ; but receiving it on a part of less 
sensibility, he is less injured by it than his adversary 
by the blow inflicted on him. One who falls from an 
eminence on a bed of down, receives in return a resist- 
ance equal to the force of the fall, as truly as one who 
falls on a solid rock ; but, on account of the elasticity 
of the bed, the resistance is received gradually, and is 
therefore distributed more uniformly over the system. 
A boatman presses against the shore, the reaction of 
which sends the boat in the opposite direction. He 
strikes the water with his oar backward, and the 
boat moves forward. The fish beats the water with 
his tail, first on one side and then on the other, and 
moves forward in the diagonal between the two reac- 
tions. The bird beats the air with her wings, and the 
resistance carries her forward in the opposite direc- 
tion. All attractions likewise are mutual. The iron 
attracts the magnet just as much as the magnet attracts 
the iron. The earth attracts the sun just as much as 
the sun attracts the earth. In all these cases the mo- 

flea of a. steamboat running upon a sloop — awfed fcieAAuXo^e. ws.—* 
toKPi^-tkUing upon a feather bed—a boaXmau— *tttt&- ^Mx^sX^ 08 
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mentum or quantity of motion in the smaller and tl 
larger body, is the same. Thus, when a small bo 
is drawn by a rope toward a large ship, the sh 
moves toward the boat as well as the boat toward tl 
ship, and with the same momentum ; but the spat 
over which the ship moves is as much less than th 
of the boat, as its quantity of matter is greater, 
makes no difference whether the boat is drawn t 
ward the ship by a man standing in the boat and pu: 
ing at a rope fastened to the ship, or by a man stan 
ing in the ship and pulling by a rope fastened to tl 
boat. A fisherman once fancied he could manufactu 

a breeze for himse 
Fiff* 9 - by mounting a pa 

of huge bellows 
the stern of his boi 
and directing tl 
blast upon the sa 
But he was surpris 
to find that it had 1 
effect on the moti 
of the boat. We s 
that the reaction < 
the blast would tei 
to carry the be 
backward just as much as its direct action tended 
carry the boat forward. . 

33. Falling bodies. When a body falls free 
toward the earth from some point above it, it falls co 
tinually faster and faster the longer it is in falling. ] 
motion therefore is said to be uniformly accelerate 
All bodies, moreover, light and heavy, would ft 
equally fast were it not for the resistance of the a 
which buoys up the lighter body more than it does t: 

Compare the momentum of asmaWboatmih ttvatof a large ship wh 

drawn together. Case of a man \\Yio puta y-avc ^\« , Ww%Nft'W^ 

83- When is the motion of a body wfca \o b* w£\foTcc\'>{ *rhS 
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heavier ; but in a space free from air, or a vacuum, 
a feather falls just as fast as a guinea. If a boy knocks 
a ball with a bat on smooth ice, it will move on uni- 
formly by the impulse it has received ; but if several 
other boys strike it successively the same way, its 
velocity is continually increased. Now gravity is a 
force which acts incessantly on falling bodies, and 
therefore constantly increases their speed. If I as- 
cend a high tower and let a ball fall from my hand 
to the ground, it will fall 16^ feet in one second, 64J 
in two seconds, and 257| in four seconds ; that is, a 
body will fall four times as far in two seconds as in 
one, and sixteen times as far in four seconds as in 
one. Now four is the square of two, and sixteen is 
the square of four ; so that the spaces described by a 
falling body are proportioned, not simply to the times 
of falling, but to the squares of the times ; so that a 
body falls in ten seconds not merely ten times as far 
as in one second, but the square of ten, or a hundred 
times as far. 

34. Hence, when bodies fall toward the earth from 
a great height, they finally acquire prodigious speed. 
A man falling fom a balloon half a mile high, would 
reach the earth in about half a minute. We seldom 
see bodies falling from a great height perpendicularly 
to the earth ; but even in rolling down inclined planes, 
as a rock descending a steep mountain, or a rail cur 
breaking loose from the summit of an inclined plane, 
we see strikingly exemplified the nature of accele- 
rated motion. A log . descending by a long wooden 
trough down a steep hill, has been known to acquire 
momentum enough to cut in two a tree of considerable 

ted 1 How would a guinea and a feather fall in a vacuum 1 Case of 
a ball knocked on ice. How much further will a body fall in two 
seconds than in one 1 How are the spaces of falling bodies pro- 
portioned to the times of falling 1 

34. la what time would a man fa\\ (torn * Wtatffc \va\l ^ \s&* 
high t Where do we see the rapid acceYeifcUon ol fo&YMt^»fcs 
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size, which it met on leaping from the trough. At a 
great distance from the earth, the force of gravity bo- 
comes sensibly diminished, so that if we could ascend 
in a balloon four thousand miles above the earth, that 
is, twice as far from the center of the earth as it is 
from the center to the surface, the force of attraction 
would be only one fourth of what it is at the surface of 
the earth, and a body instead of falling 16 feet in a 
second would fall only 4 feet. At ten times the distance 
of the radius of the earth, the force of gravity would 
be only one hundredth part of what it is at the earth. 
This fact is expressed by saying, that the force of 
gravity is inversely as the square of the distance from 
the center of the earthy diminishing in the same propor- 
tion as the square of the distance increases. As the 
moon is about sixty times as far from the center of the 
earth as the surface of the earth is from the center, if 
a body were let fall to the earth from such a distance, 
(the force of gravity being the square of 60, or 3600 
times less than it is at the earth,) the body would be- 
gin to fall very slowly, moving the first second only 
the twentieth part of an inch. Were a body to fall 
toward the earth from the greatest j^ssible distance, 
the velocity it would acquire would never exceed 
about 7 miles in a second ; and were it thrown up- 
ward with a velocity of 7 miles per second, it would 
never return. This, however, would imply a velocity 
equal to about twenty times the greatest speed of a 
cannon-ball. 

35. When a body is thrown directly upward, its as- 
cent is retarded in the same manner as its descent is 
accelerated in falling ; and it will rise to the height 

exemplilied 1 Case of a tree leaping from a trough. How is the 
force of gravity at great distances from the earth 1 How, 4000 miles 
off 1 How, at the distance of the moon 1 State the law by which 
gravity decreases. What velocity would a body acquire by falling 
from the greatest possible distance \ llovt fax vjowVd vt ^o it thrown 
upward with a velocity of 7 m'i\es pet 8*cotwi\ 
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friction at the center of motion, the vibration would 
continue indefinitely. 
* 37. It is the equality in the vibrations of a pendu- 
lum, which is the foundation of its use in measuring 
time. Time may be measured by any thing which di- 
vides duration into equal portions, as the pulsations of 
the wrist, or the period occupied by a portion of sand 
in running from one vessel to another, as in the hour- 
glass ; but the pendulum can be made of such a length 
as to divide duration into seconds, an exact aliquot 
part of a day, and is therefore peculiarly useful for this 
purpose. Since, also, the pendulum which vibrates 
seconds at any given place, is always of the same in- 
variable length, it forms the best standard of measures 
by which all others used by society can be adjusted 
and verified. 

38. Projectile Motion. A body projected into 
the atmosphere, rises and falls in a curve line, as 
when a stone is thrown, or an arrow shot, or a can- 
non ball fired. The body itself is called a projectile, 
the curve it describes, the path of the projectile, and 
the horizontal distance between the points of ascent 
and descent, the range. When an arrow is shot, the 
impulse, if it were the only force concerned, would 
carry it forward uniformly in a straight line ; but the 
gravity continually bends its course toward the earth 
and makes it describe a curve. An arrow, (or any 
missile.) will have the greatest range when shot at an 
angle of 45° with the horizon ; and the range will 
be the same at any elevation above 45° as at the 
same number of degrees below 45°. A cannon 

longer to vibrate in 10 seconds than in 1 1 What causes the motion 
of a pendulum 1 Why does it not vibrate forever 1 

37. On what property of the pendulum is its use for measuring time 1 

What other modes are there*? Why is the pendulum better than other 

modes 1 On what principle does U become a standard of measured 1 

38. When ia a body called a projeclWe *\ 'WWx S& ^e. tokh<& te,- 

acribed called 1 The horizontal distance 1 AX vitax «fc^ «S. tVimr 



MBGSANIC8. 



43 



ball shot at an elevation of 60° will fall at the 
same distance from the gun as when shot at an angle 
-* ***"* Thus, in the annexed diagram, a ship *~ 



of 30°. 



is 




fired on from a fort, as she is attempting to pass it. 
The ball fired at an elevation of 45°, is the only one 
that reaches the ship : the others fall short, and equally 
when aimed above and below 45°. 

39. If a cannon ball were fired horizontally from the 
top of a tower, in the direction of P B, the range would 
depend on the strength 
of the charge. With B P 

an ordinary charge, it 
would descend in the 
curve P D ; with a 
stronger charge, it 
would move nearer to 
the horizontal line and 
descend in PE. We 
may conceive of the 
force being sufficient to 
carry the ball quite 
clear of the earth, and 
make it revolve around 
it in the circle. 




tion mast an arrow be shot, to have the greatest ra^tl bx^tax 
two angles would the ranees be equal! 
99. Explain Figure 12. 
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Jho f 3.— QT tte Grafer of Gna%. 

40» The center of gravity of a body is a c 

pots* About which mil part* of the body balance 

other, so that when that point is supported, the 

body is supported. If across a perpendicular su 

R|, » . as G, (Fig. 13,) I lay i 

fi m ^ c ^ av * n e* a b*^ Rt eac ' 1 elM * 

• ^" ™ there is one point in the 

and only one, upon wbk 

^each other. This point j 

IV the matter ©ODtained i 

„ jfrfsfl Jf as imMjhfcearerthe I 

^ottWi exceeds that of G. Whe 





balls win; 

center of j 
wire and 1 
B, as the 

boys balance" one another at the ends of a rai 
lifter buy will require his part of the rail to 
much longer as Ins weight is less* The cen 
gravity of a regular solid, as a cube, or a spher 
Si the center of the body, when the structure ■ 
body is uniform throughout; but when one s 
heavier than another, the center of gravity lies t 
the heavier side. 

41. The line of direction is a line drawn fro 

center of gravity of a body perpendicularly t 

Fig. 14 Fig. 15. 






F F 

norizon. Thus, G F, (Fig. 14 or 15,) is the 1: 
di rection. When the line of direction falls with 

49. Drfinr the center of gravity. Ex$YuaR£Kit^. 

where is the outex <tf v«n 'w* o 



41. Explain Figure 14. 

J*r£gwe mtuuedl r 
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(as "in Fig. 14,) or part of the body on which it 
i, the body will stand ; when this line falls without 

the base, (as in Fig. 15,) the body will fall. At Pisa, 

in Italy, is a cele- 
brated tower, called Fig- 16 - 

the leaning tower. It 

stands firm, although I 

it looks as though it 

would fall every mo- r 

ment ; and being ve- 
ry high, a view from 

the top is very exci-^i 

ting. Yet there is no. 

danger of its falling,! 

because the line of 

direction is far with- ** 

in the base. To ef- 
fect this, the lower, 

part of the tower is 

made broader than ! 

the upper parts, and 

of heavier materials. 

These two precautions carry the center of gravity low. 

Structures in the form of a pyramid, as the Egyptian 

pyramids, have great firmness, because the line of di- 
; rection passes so far within the base. 
, 42. If we suck a couple of pen- 
knives in a small bit of wood, and poise 

them on the finger, or adjust them 

80 that the center of gravity will fall 

in the line of a perpendicular pin, the 

point of the wood will rest firmly on 

the head of the pin, so that the knives 

may be made to vibrate on it up and 

down, or to revolve around it, with- 





Defioe the line of direction. 
Why mre pyramids bo firm 1 



Explain ¥ig. \fc, 1<wi« *l^>»> 
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out falling off. A loaded ship is not e« 
toned, because the center of gravity is so 
tba l&e of direction can hardly be made to 
out the base ; but a cart loaded with hay o 
cotton is, on the other hand, easily upse 
the center of gravity Is so high. A sti 
carrying passengers or baggage on the to] 
more liable to upset than it is when the loa 
a level with the wheels. A round ball 



1%. 18. 




large, will rest firmly on 
a very narrow base, be- 
cause the center of grav» 
ity (which is in the ccn^ 
ter of the ball) is always 
directly over the point of 
support ; and, according 
to the definition, when l 
this is supported* the bo- 
dy is supported* In the 
annexed diagram, a hea. 
vy hall, connected with 
the figure, bends under 
the table, and thus brings 
the center of gravity of 
the whole within the base, 
so that the animal rests firmly on his hind 1< 
43. Animals with four legs walk sooner 
firmly than those with only two, because tl 
direction is so much more easily kept - 
base. Hence, children creep before they 
the art of walking, and even of standing, i 

?uires so nice an adjustment of the center i 
which must always be kept over the na 



42. Explain Fig. 18. Why is not a loaded ship ea 
mil- A earl loaded with hay— a stage coach—a rounc 
4$. Why do four-legged animate viaSk aooaset vVax 
Why do children creep before vhey *aSk\ 
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within the feet,} that it is learned only after much ex- 
perience. Children at school, also, are sometimes di- 
rected 10 turn out their toes when they walk, and to 
extend one foot from the other in taking a position to 
apeak, because such attitudes, allowing a broader 
base for the line of direction, appear more firm and 
dignified. 

44. A boy promised another a cent, if he would 
pick it up from the floor, standing with his heels close 
against the wall. But in attempting to pick it up, 
he pitched upon his face. Performances on the slack 
rope, which often exhibit astonishing dexterity, depend 
upon a skilful adjustment of the center of gravity. 
The process is sometimes aided by holding in the 
hand a short stick loaded with lead, which is so flour- 
ished on one side or the other, as always to keep the 

(center of gravity over the narrow base. Among the 
ancients, elephants were sometimes trained to walk a 
tight rope ; a feat which was extremely difficult on 
j account of the great weight of the animal. 

45. Bodies subject to no other forces than their 
mutual attraction, and in a situation to approacli each 
other freely, will meet in their common center of 
gravity. If the earth and moon were left to obey fully 
their attraction for each other, they would immediate- 
ly begin to approach each other in a direct line, mov- 
ing slowly at first, but swifter and swifter, until they 
would meet in their common center of gravity, which 
would have its situation as much nearer to the earth 
as the weight of the earth is greater than that of 
the moon. So all the planets and the sun, if aban- 
doned to their mutual attraction, would rush together 
to a common point, which on account of the vast 
quantity of matter in the sun, lies within that body. 

44. Case of picking up the cent. PerfoTmaacea otv v\vfc ^as&lt*\a 

fy men, and even by e/ephante, explained. N 

4fi. Where will bodies meet by their mutual aXttacUox^ TL\axK$s 
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Indeed, were all the bodies in the universe abandon 
to their mutual attraction, they would meet in th* 
common center of gravity ■ 

Section 4. — Of the Principles of Machinery. 

46. The elements of all machines are found amoi 
the Mechanical Powers, which are six in number — t 
Lever, the Wheel and Axle, the Pulley, the Sere 
the Inclined Plane, and the Wedge. That whfc 
gives motion is called the power ; that which receit 
it, the weight The first inquiry is, what power, 
the given case, is required just to balance the weig! 
Any increase of power beyond this, would of cour 
put the weight in motion. It is a general principle 
Machines, that the power balances the weight when 
has just as much momentum. Now we may give 
small power as much momentum as a great weight, 1 
making it move over as much greater space in t 
same time, as its quantity of matter is less. O: 
ounce may balance a thousand ounces, if the two 
connected together in such a way that the small 
mass, when they are put in motion, moves a thousa: 
times as fast as the larger. If the momentum of t 
power be increased beyond that of the weight, as mi 
be done by increasing its quantity of matter, then 
will overcome the weight and make it move with ai 
required velocity. Whatever structure connects t 
power and the weight is a machine. 

47. The Lever. Figure 19 represents a lever of t 
simplest kind, where P is the power, W the weight, a: 

in the moon and earth, and all the bodies of the solar system — fin 
ly, all the bodies in the universe. 

•16. What are the elements of all Machines! Enumerate thesis > 
chanical powers. Distinguish between the power and the weigr 
What is the first inquiry respecting the power 1 W r hat is a geue 
principle in Machines, respecting momentum ? How may we gi 
u small power as much momentum as a great weight 1 How m 
one ounce balance a thousand 1 What happens when the inonn 
tarn of the power is increased beyond lYwX oS v\vs >N<i\3>c&\ n*' 
Joes any structure that connects U\e \jov,et *iidAYve^*\^\AK:<s» 
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ie fulcrum, or point of support. Now P will just 
ince W when its weight 

s much less as its dis- 

je from the fulcrum is p gj ^F 

iter. For example, if it 
bree times as far from 
fulcrum as W, then one w 

rjd will balance three ; three pounds will balance 
i ; and, universally, in an equilibrium, the pouter 
"iplied into Us distance from the fulcrum, will equal 
weight multiplied into its distance. In the present 
5, where the longer arm of the lever is three times 
length of the shorter, a power of ten pounds will 
ince a v weight of thirty. 

Fig. 20. 




T 



8. This principle is exemplified in a common pair 
teel-yards. The same power is made to bal- 
3 different weights of merchandise by attaching 
:o the shorter and P to the longer arm, and placing 
i a notch that is as much farther from the fulcrum 



Explain Fig. 19. State the general principle oC thft eapaSoSmv 
tfthe lever. Examples. 

Explain the principle of Steel-yarda. "Vtow S& <to» «»* 
rmade to balance different weights 1 ^xpYratfafe &Stewas 
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as its weight is less than that of the merchant 
W. Steel-yards have commonly a smaller an 
larger side ; the former being ounce, and the It 
quarter-pound notches. On examining such a par 
steel-yards, it will be seen that the hook to which 
merchandise is attached, is four times as far from 
fulcrum, when we weigh on the small, as when 
weigh on the large side. Hence, we have to n 
the counterpoise over four notches on this side to { 
as much power as we gain in one notch on the ot 
The spaces over which the power and weight n 
respectively, are in the same proportion. Thus, vi 
the counterpoise is made to balance a weight 
times as large as itself, it will be seen, by making 
arm of the steel-yards vibrate up and down, that 
counterpoise moves ten times farther, in the same ti 
than the weight does, and of course with ten times 
velocity. Hence the momenta of the power and 
weight are the same. A crow-bar illustrates the s; 
principle, when a man lifts a weight much hea 
than the amount of force he applies, by making 
force act at the longer end of the lever. A paii 
shears is formed of two such levers combined ; 
the nearer we bring the article to be cut to the 
crum, the greater is the mechanical advantage gaii 
Two boys differing in size, moving each other at 
end of a pole laid across the fence, exemplify the s; 
principle. 

49. In the foregoing cases the weight and the f 
er are on opposite sides of the fulcrum, and it is ca 
a lever of the first kind. When the power 
weight are on the same side of the fulcrum, but 
weight nearer to it than the power, it is a lever of 

between the smaller and the larger side. Show that the more 
of the counterpoise and weight are equal. Examples in a c 
bar—a pair of shears— boys on a ra\\. 
49. Distinguish between levers of Vne tos^mo*a,u& 1 taaft> 
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second kind, as in the fol- r Fig. 21. 

lowing figure. The me- /^T>— - 
chanical advantage gainedv^ 
here is the same as in the ' 
first, for the power moves 
as much faster than the 
weight as it is more dis- a 

tant from the fulcrum. — ™ 

When the power and weight are both on the same 
side of the fulcrum, but the power nearer to it than 
the weight, it constitutes a lever of the third kind, as 
in figure 22. A door mo- 
ving on its hinges is a *_»£• 22 

weight, the matter of p < ^E^" 

which, for our present V \^ 

purpose, may be consider- p 

ed as all collected in the Ok 

center of gravity, which, w 

on account of the regular figure of the door, is the cen- 
ter of the door ; and the effects of any force applied to 
a body are the same as though all the matter was con- 
centrated in the center of gravity, and the force was ap- 
plied to that point. Now if, in shutting the door, i place 
my hand on the edge, this point being farther from the 
fulcrum than the center of gravity, I gain a mechan- 
ical advantage, because the power moves faster than 
the weight ; but if I apply my hand nearer the ful- 
crum than the center of gravity, then the power moves 
slower than the weight, and operates under a mechan- 
ical disadvantage; and as I approach nearer and 
nearer to the hinges, the door is shut with greater and 
greater difficulty. In the former case, the door exem- 
plifies the principle of a lever of the second kind ; in 
the latter, of the third. Suppose a ladder to lie on the 
ground, and it is required to raise it on one end by 

How may a door, in shutting, be either o£\he wcoTAox^i\\W\\A\ 
Example la a ladder. 
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taking hold of one of the rounds. If I take hold of 
the lowest round, it will require a great effort to raise 
it, especially if the ladder is long. This effort will 
be less and less, until I come to the middle round, 
where I should neither gain nor lose any mechanical 
advantage, but should lift the ladder like any other 
body of the same weight, if raised directly from the 
ground by a string. If I apply my hand to any round 
beyond the middle, toward the farther end, I gain a 
mechanical advantage, and the greater as I approach 
nearer to the end of the ladder. We shall leave it to 
the ingenuity of the pupil to account for these several 
cases. 

Fig. 2a 




50. The Wheel and Axle. — The figure repre- 
sents a wheel, A N O, and axis, L M, where a small 
oower w, balances a greater weight, W. The power 
required to balance the weight is as much less than 
the weight as the diameter of the axle is less than that 
of the wheel. The wheel and axle has a great analo- 
gy to the lever, and is indeed little more than a re- 
volving lever. For if the power were applied to the 

60. Explain Figure 23. How much less is the power than the 
weight ? Show the analogy between \he >Nlva*l and the lever 
Explain Figure 24. 
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end of one of the spokes of the wheel, that spoke, as it 
revolved, would describe the figure of a wheel. Thus, 

Fig. 24. 




the capstan of a ship is a large upright axle, having 
holes near the top into which long levers are inserted. 
The men press upon the ends of these and gain a me- 
chanical advantage in proportion as the length of the 
lever exceeds the radius of the axle. By this means 
they draw up heavy anchors. 

51. Wheels are much employed in machinery, and 
serve very various purposes, although they do not al- 
ways act upon the principle of the wheel and axle, as 
just explained. In carriages y their chief use is to 
overcome friction, since a body that rolls on the 
ground meets with much less resistance than one that 
slides ; and in lifting a wheel over an obstacle, as a 
stone, a mechanical advantage is gained in the same 
proportion as the radius of the wheel exceeds that of 
the axle. Large wheels, therefore, overcome obstacles 
better than small ones. Wheels are much employed 
also to regulate velocity. Just step into a mechanic's 
shop and see this use exemplified in the turner's lathe. 
By passing a band over a large wheel that turns with a 
steady motion, one may convey that motion to the small 

51. What is the use of wheels in carriages 1 "Wtoit aditrofaMS* 

gained by rolling instead of sliding 1 A\so,\n oN«cotftv\\* v5^&\akv*%^ 

much gain most, large or small wheels *\ "Use o£ N<tYk!M\&YfiL\*«&* 

5* 
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wheel of a lathe, and the smaller wheel will revolve 
as much faster than the larger as its diameter ia lew* 
Now by using small wheels of different diameters on 
the lathe, we may increase or diminish the velocity at 
pleasure. The same principle is illustrated in a com. 
mon spinning wheel, and in machinery for spinning 
cotton. 

52. In clock-work, there is usually a combination of 
a number of wheels, where one wheel is connected 
to the axis of another by a small wheel fastened to the 
axis, called a pinion. Thus, the three wheels, A, B, 

Kg. 25. 




C, are connected. The power is applied to the wheel 
A, on whose axis is the pinion a, the teeth of which 
(or leaves, as they are called) catch into the teeth of 
JB, whose pinion b in like manner turns the wheel C. 
Here the motion of each succeeding wheel is less 
than the preceding ; for if the pinion a have ten leaves, 
and the wheel B 100 teeth, the pinion in turning once 
would catch but ten teeth of the wheel, and must there- 
fore turn ten times to turn B once. If the pinion b has 



ting velocity. How exemplified in a turner's lathe 1 In a common 
spinning wheel 1 
62. Explain the use of wheels in cVocV^otV. , EH$&a/¥>& > .ib % 
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also 10 leaves, and the wheel C 100 teeth, then C 
turns ten times as slow as B and a hundred times as 
slow as A. By altering the proportions between the 
number of teeth in the wheel and leaves in the pinion, 
we may alter the velocity of a wheel at pleasure ; 
and this is the way in which wheels are made to move 
faster or slower, at any required rate, in clocks and 
watches. If we apply the power at the other end and 
let the wheel C act on the pinion b 9 and the wheel B 
on the pinion a, then B-will turn ten times as fast as 
C, and A ten times as fast as B, and a hundred times 
as fast as C ; so that, when the wheels carry the pin- 
ions, the velocity is increased, but when the pinions 
carry the wheels, it is diminished. 

53. The Pullet. — A pulley is a grooved wheel, 
around which a rope is passed, and is either fixed or 
movable. Figure 26 represents a fxed pulley ; and 
Fig. 26. Fig. 27. 




f 




Show how the motion is accelerated in one direction *fe&\t\^\&t&\£i 
the other. How may we alter the velocity o£ & vfaneX «X^«fe»ss»0> 
S3. Define the Pulley. Name the too kmda. ^NWVvfcV&ft^* 
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Fig. 28. 



here no mechanical advantage is gained, since the 
power moves just as fast as the weight, and we must 
remember that it is only when the power moves faster 
than the weight, that any mechanical advantage is 
gained. The boy, however, in figure 27, draws 
himself up by lifting only half his weight, because the 
two ropes support equal portions of the weight. The 
principal use of the fixed pulley is to change the di- 
rection of the weight. Thus, in drawing a bucket out 
of a well, it is more convenient to pull downward l>y a 
rope passing over a pulley above the head, than upward 
by drawing directly at the bucket. By the movable 
pulley we gain a mechanical advantage, foi by this we 
can give the weight a slower 
motion than the power has, and 
can proportionally increase the 
efficacy of the power. Thus, 
in figure 28, as both the ropes, 
A and E, are shortened as the 
weight ascends, the rope to 
which P is attached is length- 
ened by both, and therefore P 
descends twice as fast as W 
rises, and the efficacy of the 
power is doubled. By employ- 
ing a pulley with a number of 
grooves (called a block) with 
a rope around each, we may 
make the power run off a great 
length of rope while the weight 
rises but little, being equal to 
the combined length by which all the ropes of the block 
are shortened. Thus, if the block carries twelve ropes, 
the power is increased in efficacy 12 times. Instead 
of a single block with a number of grooves, several 




the Jismt pulley 1 Of the tnovabU pulley \ "£x\>\BMLfc« V*««* <A> 
• Mv* of pulley*. 
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pulleys *?hh single grooves are combined upon u simi- 
lar principle. By a block of pulleys, two mm will 
lift a rock oat of a quarry a thousand times us heavy 
as they could lift with their naked hands ; hut the rope 
at which they pull will run off a thousand times as fast 
as the weight rises. 



Fig. 29, 




54. The Inclined Plane. — The Inclined Plane le 
comes a mechanical power in consequence of its sup- 
porting a part of the weight, and of course* leaving only 
apart to be supported by the power. If a plunk, fi>r ex- 
ample, having on it a cannon hall, is laid (hit on the 
| ground, it supports the whole weight of the hall. 11" 
: one end is gradually raised, more and more force must 
be applied to keep the hall from rolling down the 
I plane: and when the plank becomes perpendicular, a 
ibrce would be required to sustain the hall equal to its 
whole weight. We may therefore diminish the ef- 
fect of gravity, in ascending from one level to another, 
as much as we please, by making the inclination of the 
plane small. A builder who was erecting a large ed- 
ifice, had occasion at last to raise heavy masses of stone 
to the height of sixty feet. He might have hauled 
them up by pulleys ; but this was inconvenient, and bc- 

54. How does the Inclined Plane become a mechanical power 1 ^-*? 
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sides, pulleys are subject to so much friction aa to oc- 
casion a great loss of power. He therefore con- 
structed of timbers and planks, an inclined plane six 
hundred feet long, and conveyed the blocks of atone 
up them on rollers. As, the plane was ten times ai 
long as it was high, it was as easy, to roll 1000 pounds 
up the plane as it would have been to draw up 100 
pounds by a fixed pulley. But as the plane was ten 
times as long as it was high, the weight would have to 
pass over ten times the space that it would if it had 
been raised perpendicularly by the pulley. In all 
cases, the mechanical advantage gained by the inclined 
plane is in the same proportion as its length exceeds 
its height. When a horse draws a loaded cart on lev- 
el ground, he has merely the friction to overcome ; but 
when he drags it up hill, he has, besides the friction, to 
lift a certain part of the load, which part will be great- 
er in proportion as the hill is steeper. If the rise is 
one part in ten, then he would lift one tenth of the load 
continually. 

55. The Screw. — The screw is represented in the 
following diagram as acting 
upon a press, which is a very 
common use that is made of it. 
As the screw is turned, it ad- 
vances lengthwise through a 
space just equal to the dis- 
tance between the threads. 
Now if the power be applied 
directly to the head of the 
screw, then, in turning the 
screw once round, the power 
would move over as much 
more space than the screw advances, as the circum- 



Fig. 30. 




ample. How employed in building 1 What makes it so hard to 
draw a load up hill 1 
55. Explain Fig. 30. How \b the mectaun£& t&rartNi* ^sMt^ 
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ference of the head is greater than the distance be- 
tween the threads. The mechanical advantage gained 
is in the same proportion ; and we may increase the 
efficacy of the power either by lessening the distance 
between the threads, or by. increasing the space over 
which the power moves. If we attach a lever to the 
head of the screw, and apply the hand at the end, 
then we make the power move over a space vastly 
greater than that -through which the screw advances, 
and the force becomes very powerful, and will urge 
down the press upon the books, or any thing in press, 
with great energy. 

56. The Wedge. — The Wedge is an instrument 
used for separating bodies, or the parts of bodies, 
from each other, as is seen in the common wedge 
used for splitting rocks or logs of wood. In the kind 
of wedge in ordinary use, the mechanical advantage 
gained is greater in proportion as the wedge is thinner. 
Accordingly, it requires but a small force to drive a thin 
wedge, but a greater force in proportion as the thick- 
ness increases. Cutlery instruments, as knives, axes, 
and the like, act on the principle of the wedge. When 
long and proportionally thin, the wedge becomes a 
mechanical power of great force, sufficient to raise 
ships from their beds. ^^^ 

57. Machines. — MacrnBSs* are compounded of the 
mechanical powers variously united. We recognise, 
at one time, the union of the lever with the screw ; at 
'another, of the wheel and axle with the pulley ; and, 
at another, of nearly all the mechanical pow v ers to- 
gether. The following figure represents a machine 
for hauling a vessel on the stocks, combining the 
wheel and axle*, the screw, the inclined plane, and the 
pulley. Each contributes to increase the efficacy of the 

when the power is applied to the head of the screw 1 AAao \staftk 
applied at the end of the lever ? 

66. What is the Wedge used for % How \a \ke mecWivi^ w&s*s* 
tage of the wedge increased? 
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force, and all together make a powerful machine; 
man applies his hand at B, and turns a crank w) 
Fig. 31. 





acts on the principle of the lever upon the screw a 
If the space over which the hand moves in one n 
lution is a hundred times as great as the distance 
tween the threads of the screw, then the mechan 
advantage gained is in the same proportion, and 
force with which the screw urges the teeth of 
wheel, is a hundred times that applied by the han 
the crank. The diameter of the wheel is four ti 
that of the axle ; therefore, the force applied at ] 
four hundred times that at B. This acts on a c 
bination of pulleys, which, having four ropes, mi 
ply it again four times, and it becomes sixteen 1 
dred. The inclined plane is twice as long as : 
high, and therefore doubles the efficacy of the po 1 
and it becomes three thousand and two hundred ti 
what it was originally. So that the single force w! 
a man can exert by means of such a machine is 
digious ; and if the machine was so contrived (c 
might easily be) that a pair of horses or a yok 



87. How are Maekbuf convpoeedl ExttWwi'E'vtt.^V ^wi - 
the velocity of the weight compare vr"\\h u»x <£ ttkfc vwi«\ 
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cattle, instead of the man, could turn the machine, the 
force would be adequate to move the largest ship. 
Such a machine, however, would move the body with 
extreme slowness. Its motion, in fact, would be dim in- 
ished as much as the efficacy of the power was in- 
creased. This, as we have said before, is a universal 
principle in mechanics ; so that we may find the power 
exerted by any machine, by seeing how much faster 
the moving force goes than the weight. 

58. Machines, therefore, gain no momentum : the 
power multiplied into its velocity always equals the 
weight multiplied into its velocity. But although 
machines do not of themselves generate any force, they 
enable us to apply it to much greater advantage — to 
change its direction at pleasure — to regulate its ve- 
locity — and to bring in to the aid of the feeble powers 
of man the energies of the horse and the ox, of water, 
wind, and steam. 

59. Friction. — The principles of machinery are first 
investigated, on the supposition that machines move 
without resistance from external causes. Then the 
separate influence of such accidental causes of irreg- 
ularity, in any given case, is ascertained and ap- 
plied. The two most general impediments to ma- 
chines are friction and resistance of the air, which 
occasion more or less destruction of force in all ma- 
chines. Friction arises from the resistance which 
different surfaces meet with in moving on each other. 
Perfectly smooth surfaces adhere together by a cer- 
tain force, opposing a corresponding resistance to the 
motion of the surfaces on one another ; but the as- 
perities which exist on most surfaces occasion a 
much greater resistance. An extreme case is when 

88. Do Machines gain any momentum 7 What two products are 
always equal to each other 1 How do m&cYmiea *v& \»\ 
• m ' P? «rf l ^VPontionaxe the principle* of mwfcvvfcet^ taa. yww 
Ugated 7 What are the two most general fenpedvmaOiXa TOas&tf^ 
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one brtatthls eft) **f©a* i MMiotbety «M 
laoe. By oareAft espeiiiMnta oa- HMetft^latoAHtiH 
ing are found ttfce fa fTto^Jmmm* *Bitm,dM 
friction of<a Wj% olher.ftUett 
Wnf equal,* ffcimrtiMrifr 

[ — "nr-^TP^l III *° a ta ^ w ** ^*tHagji(ttagfcii 
J, _w ||j below, by 

If mm ^L &^% jut how moob ftroe it 

HI to drag it off from the taals 

under different dKramstanoea, and this will ba Jet 
measure of the (Hetion. We should suppose thafcflfce 
friction would be greater on its broad tbao:oa>dft 
narrow side; but experiments show that it ia equal ia 
the two cases, so that extent of nurfmce makes bo & 
ference when the weight remains the same* Ws 
may let the same brick rest on either side, and load 
it with different weights, equal to its own w< " 
double, triple, and so on. In all cases, we shall 
the friction inoreased in the same proportion as 4k* 
weight. Secondly, friction is inoreased by bodan 
remaining some time in contact with each other ; actf 
when the contact is but momentary, as when » hmj 
is in very swift motion, the amount of friotnevrft 
greatly diminished. Thus, when a carriage* »«** 
swift motion over a road, it encounters lees rrieietawne 
from friction in passing a given distance, than what 
it moves slowly. The same is strikingly the case ja 
railway cars. . -*ii. 

60. Roiling are subject to far less friction the* 
sliding bodies. Thus, if a eoaoh^wheel be* fadbaV 
that is, made to slide down hill instead of rolling, to 

What emun friction 1 State ia ertremfc <» i^«?* ^>*^^ 
tion of & body p roportio n* * t How n ike wwwW. «**»*** "Wan 
by continued cimHcll ' . ^ -J'" 
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friction may be so much increased as to check the 
rapidity of descent in any required degree. Rollers 
are therefore employed in transporting heavy bodies, 
to diminish friction ; and, for the same purpose, sur- 
faces are made smooth by applying grease, or different 
pastes, or even water, all of which fill up the inequali- 
ties and thus diminish the asperities of the surface. 
Although friction presents a resistance to machines, 
yet it has its uses in mechanical operations. It is 
this which makes the screw and the wedge keep their 
places ; and it is the friction of the surfaces of brick 
and stone against each other, which gives stability to 
buildings constructed of them. The wheels of a car- 
riage advance by their friction against the ground. 
On perfectly smooth ice they would turn without ad- 
vancing. We could not walk did not friction furnish 
us with a foothold ; and it is for want of friction that 
walking is so difficult on smooth ice. So rail cars 
meet with great difficulty in proceeding when the rails 
have been recently rendered slippery by ice : the 
wheels turn without advancing. Friction is even em- 
ployed as a mechanical force, as when a lathe is 
turned by the friction of a band. Air meets with 
greater resistance in passing over rough surfaces than 
water does ; for water deposites a film of its own 
fluid upon the surface over which it moves, and thus 
lubricates itt Hence water flows in pipes with less 
resistance than air passes over the surfaces of a rough 
and sooty chimney. 

61. The resistance which bodies meet with in 
passing through air or water, increases rapidly as the 
velocity is increased, being proportioned to the square 
of the velocity. Thus, if a steamboat doubles its 

tatg substances 1 Give examples of the uses of friction in the screw 
and the wedge — in the materials of a building — in carriage wheels 
—in lathes. Which meeto with the greater iefev&axu* iiomttvtitafe* 
— * -v/ 



6L How is friction proportioned to velocity 1 '£xaxH$ft. 
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speed, it encounters not merely twice as much resist 
ance from the water, but four times as much. Thii 
makes it much more expensive to move boats rapidly 
than slowly, for it would require nine times the force 
to triple the speed. 



CHAPTER III. 
HYDROSTATICS. 

PRESSURE OF FLUIDS — SPECIFIC GRAVITY MOTION OF FLUIDS— 

WONDERFUL PROPERTIES COMBINED IN WATER. 

62. Hydrostatics is that branch of Natural Phi 
losvphy, which treats of the pressure and motion of fluids 
in the form of water. 

Sec. 1. Of the Pressure of Fluids. 

63. Water, on account of the mobility of its parts, 
may be easily displaced, but it is with great difficulty 
compressed. If we take a hollow ball of even so 
compact a metal as gold, fill it full of water, plug it 
close, and put it into a vise and compress »t, the water 
will sooner force its way through the gold than yield 
to the pressure. This is an old experiment, and it led 
to the belief that water is wholly incompressible ; but 
it is now found that its volume may be reduced to 
smaller dimensions by subjecting it to very great pres- 
sures. Thus, 80,000 pounds pressure to the inch will 
lessen its bulk one twelfth. 

64. A fluid when at rest, presses equally in alldircc 
tions. A point in a tumbler of water, for example, 
taken at any depth, exerts and sustains the same 
pressure in all directions, upward, downward, and 
side wise. So that if I attach a string to a musket' 

€2. Define Hydrostatics. 63. la wat*T compreswhUil Ya^ctvkvw*.. 
What force Js required to lessen its bu\W one UcetftV? , 

64. What ia the low of prewure in att duecUousX ^tmck^- 
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Fig. 33. 



ball and let it down into water, the weight of the water 
which rests on its upper side is balanced by an equal 
pressure on its under side. This is the most remark- 
able property of fluids, and is what distinguishes them 
from solids, which pr^ess only downward, or in the di- 
rection of gravity .^.^J?^" 

65. A given pressure, or blow, impressed on any 
portion of a mass of uxtter confined in a vessel, is dis- 
tributed equally through all parts of the mass. If I 
thrust a cork into a bottle filled with water, so near 
the top that the cork meets it, the pressure is felt, not 
merely in the direction of the cork, or just under it, 
but on all parts of the bottle alike ; and the bottle is 
as likely to break in one part as another, if equally 
strong throughout, and if not equally strong, it will 
give way at its weakest point, wherever that is situ- 
ated. If we insert into a large vessel of water a 
blown bladder, and then press upon 
the upper surface of the water with 
a lid that fits it close, as in figure 33, 
the bladder will indicate an equal 
pressure on all sides. A is the lid 
that fits the jar, water-tight, and is 
applied to the top of the fluid ; B is 
a small blown bladder, kept in its 
place by a leaden weight resting on 
the bottom of the vessel. If a thin 
glass ball is substituted for the blad- 
der, on pressing down the lid, it will 
be broken into minute fragments, showing an equal 
pressure on all sides. The same effects would follow 
were the pressure applied at the side, or any other 
part of the vessel, instead of the top. 

66. This principle operates with astonishing power 
in the hydrostatic press. Figure 34 xe^ae^Xs ^ ^t«» 

&sr, *&£$."> S£L%* w— * — * ** 
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ing. Now 
force down 
the wator, 



a strong frame of timbers, having a large 
cylinder, C D, full of water, 
Fig. 34. ari( ] opening into a small 

cylinder, A B, in which a 
plug (called a piston) is 
moved up and down by the 
lever attached to it. At 
D is another piston, which 
when forced upward press- 
es upon a follower at £, 
which communicates the 
force to a pile of books sup- 
posed in the process of bind- 
if I apply my hand to the lever and 
the piston in AB upon the surface of 
with whatever force it presses upon the 
surface of the fluid in the small cylinder, the same 
is exerted on all parts of the water in the large cylin- 
der, and consequently upon the piston D to push it 
upward against E. Suppose the number of square 
inches in the bottom of the piston E, is a thousand 
times as great as in that of the piston at B ; then by 
urging B forward with a force equal to one hundred 
pounds, I should communicate to E a pressure of one 
hundred thousand pounds. The water in the small 
cylinder would descend a thousand times as much as 
that in the large cylinder rose, so that the space 
through which the accumulated force could act would 
be very small ; still it would be sufficient for such 
articles as books, where the whole compression is but 
small. Since there is no loss from friction in this 
machine, a man can by means of it exert a greater 
power than by any other to which he can apply his 
own strength. He can by means of it crush rocks, 

66. Describe the Hydrostatic Frew. Sa^V ®* . xYlfc *wnfc«n*. 
square inches in the larger piston is a. i\\ouhmA \MDfc* *a ^«»X *■ 
in the smaller T Uses of the Hydrostatic Pre»^ 
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and cut in two the largest bars of iron. The hydro- 
static press is much used as an oil press, as in ex- 
tracting oil from flaxseed ; and also for packing hay, 
cotton, and other light substances. 

67. The surface of a fluid at rest is horizontal. 
This property is applied to the construction of the 
fluid level, used by carpenters, masons, and other 

Fig. 35. 



workmen. It usually consists of a flat rule, having a 
horizontal glass tube on the upper side, containing 
alcohol, (which is preferred to water because it never 
freezes.) The tube is not quite full of the fluid, so 
that when laid on its side a bubble of air floats on the 
upper surface. When this is exactly at a given mark 
near the middle, then the surface on which the rule 
is laid is level. Figure p. 36 

36 represents a levelling 
staff much used in sur- 
veying and grading 
lands. The liquid in the 
two arms of the tube at 
A and B being precisely 
on a level, any two re- 
mote objects, P and Q, 
may be brought accu- 
rately to the same level 
? by sighting P with the 
eye at A ; that is, bring- 
ing it into the same hori. 
zontal line with the sur- 
faces of A and B, and 
then sighting Q in the same manner. 
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68. The pressure upon my portion of acoimssm^d 
jhrid, is proportioned to iUdepffibeism me tajft^.-w 
we let down a junk bottle Sato the seey the piuswiifc 
on all sides of it would continually increase ae it de- 
scended, until it would be sufficient to crash h. Ita 
great strength, however, would enable it to bear a pro- 
digious pressure. When an empty bottle, corked 
closely, is let down to a . great depth, on drawing J 
up, it is found full of salt water, ana yet the cork un- 
disturbed. At a certain dep^v tl|e prea^ire on the < 
cork is such as to contract its d&Mnnorifci .and yet, 
being equally pressed on all sides, it is not displaced. 
Its size being contracted, the water runs in At the 
sides; but on rising to the surface, the cork swells 
again to its former bulk. When the stopper done not 
admit of compression, the water sometimes is. faffifri , 
through its pores, and thus fills the bottle. . Ships w 
Fig. 37. at a great depth, have their wood re* 
dered so heavy by the great quantity of 
water forced into it, that when theygs 
to pieces their parts do not rise. T& 
pressure of water on a square foot, at the 
depth of eight feet, is 500 pounds ; and 
having the same amount added for every 
eight feet of descent, it soon becomes 
prodigious. At the depth of a mile, it 
is no less than 330,000 pounds upon the 
square foot. 

69. Fluids rise to the same level m As 
apposite arms of a bent tube. Let Fig. 87 
be a bent tube : if water be poured into 
either arm of the tube, it will rise to the 
same height in the other arm. Nor is it 
material what may be the shape, size, or 

68. How is the pressure of a column of fluid at different dtftktt 
Example in a ntnk-bottU. What happens to a corked bottle auk 
to a great depth 1 What is ti» ptewue «a. % «qpa&« Smavlis* 
depth of eight feet— and a wSU 1 
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lination of the opposite arms. Figure 38 represents 
variety of vessels and tubes open at top, but com- 

Fig.sa 




unicating with a common cistern of water below, 
we pour water into any one of these, so as to fill it 
any height, the water will be at the same height 
each of the others. Hence, water conveyed in 
ueducts, or running in natural confined channels, will 
e just as high as its source, and no higher. Be- 
een the place of exit and the spring, the ground may 
le into hills and descend into valleys, and the pipes 
rich convey the water may follow all the irregulari- 
s of the country, and still the water will run freely, 
jvided no pipe is laid higher than the level of the 

Ping-Jjr 

70. The pressure of a column of water upon the ooU 
i of a vessel, depends wholly upon the height of the 
r umn, without regard to its shape or size. In Fig. 
the pressure on the bottom of the cistern will be 
» same, whether one tube is attached, or the whole 
mber, or the vessel itself is raised to the same 
ight all the way of the same size as at the bottom, 



B. Fluids in the opposite arms of a bent tubet "WtaxfoftATut.. 

Tpreseat 1 How high will water in an aqueduct tWX 

I Upon what does the pressure of a column of fcuV&QH^VrtXww 
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Fig. 39. 



or even if swelled out like a funnel, so as to be mock 
larger above than below. On this principle is founded 
the hydrostatic paradox — that any quantity of water 
however small may be made to raise any 
weight however great. Fig. 89 repre- 
sents a bellows having on one side 
an open tube communicating with h. 
On pouring water into the tube (the 
bellows being full) it will force up the 
top of the bellows, although loaded with 
heavy weights. A wine-glass of water, 
for example, will raise the boys that 
stand on the bellows, and would sensi- 
bly lift a weight many hundred times 
as great. The principle is the same 
as in the hydrostatic press. Here the 
weight of the column of water affords 
the power that acts on the larger end of the bellows, 
as in the press the force of the piston in the small 
cylinder acts on that in the larger. 




Sec. 2. Of Specific Gravity, 

71. Specific Gravity is the weight of a body corn- 
fared with another of the same bulk, taken as a stand- 
ard. Water is the standard for solids and liquids; 
common air for gases. The specific gravity of a 
' mineral, for example, or of alcohol, is its weight com- 
pared with that of a mass of water of exactly the 
same volume ; the specific gravity of steam is its 
weight compared with that of the same volume of at- 
mospheric air. We must know, then, what an equal 
volume of the standard would weigh. This is ascer- 

of a vessel depend 1 Stale the principle TO\\e& x\tft VvjaTo^Utifcyinv * 
dor. Explain Fig. 39. _^ 

. 71. Define mcj/ic gravity. WYml is \h« tfAiAwk &» * rifta *T , "?£ 
tor liquid*— what for gott* ? What masA ^ e know \u wrtst \» toa* 
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tained in the case of a solid, by finding how much 
less the body weighs in water than in air; and, in the 
case of a liquid or a gas, by weighing equal volumes 
cf the body and of air. Wishing to know how much 
heavier a certain ore, which I suspected to be silver, 
was than water, I tried to compare its weight with 
that of an equal bulk of water ; but the ore being of 
very irregular shape, I found great difficulty in meas- 
uring it accurately to find the number of solid inches 
in it, so that I could weigh it against the same num- 
ber of inches of water. But learning that a body 
when weighed in water weighs as much less than 
when weighed in air, as is just equal to the weight 
of the same volume of water, I attached a string to 
the ore, hung it to one arm of the balance, and found 
its weight to be 4.75 ounces; 
and then bringing a tumbler of 
water under the suspended ore 
so as to immerse it, I found it 
did not in this situation weigh 
as much as before, but I had to 
take out 1.25 ounces to restore 
the balance. This, then, was 
what the ore lost in water, and 
was the weight of an equal 
volume of water. Now I have 
found that the ore weighs four 
ounces and three quarters, while 
the same bulk of water weighs 
only one ounce and a quar- 
ter. I see, therefore, at once, that the ore is about 
four times as heavy as water ; but to find the exact 
sjK?cific gravity, I see how many times the weight of 
the ore is greater than that of an equal volume of 
water, by dividing 4.15 by 1.25, which gives 3.8 as 

mecitic gravity of a body ? Describe the way o( fr&tivft%ta& v^feftv 
Sc gravity of an ore— also of alcohol— *\bq oi carbonic add 





n 

the exact specific gravity of the see* >1 
therefore, that it cannot contain much eilvcay If 
otherwise it would be heavier, Aga&), 
find the specific gravity of some alcohol, ( 
better in proportion as it is lighter,) I took 
vial, counterpoised it in a pair or delicate toejpjfc 
and poured in water gradually till I had introttaeil 
exactly 1000 grains. I then set. the vial ^oo# 
table, and placing my eye accurately on a level -«j0p 
the surface of the water, I made a fine mark winV#t 
small file just round the water line. On emptying est 1 * 
the water and filling the vial to the same mark 
the alcohol, I found the weight of it to be 815 -gi 
I therefore inferred that its specific gravity was MM 
water being 1000. Having now my vial ready*** 
filled it to the mark successively with half a deMt 
different liquors, some lighter and some heavier tfeaa> 
water, and thus found the exact specific gravity of eadss 
Finally, I had the curiosity to see which is the hearts' 

- iest, common air, or that sort of air which sparklet a* 
briskly in soda-water, and in bottled beer, called cafe 
borne acid. I therefore weighed a light glass tattle* 
which, as we commonly say, was empty, but was rsalljt 
filled with common air, and then withdrawing the aar 
from the bottle by means of a kind of syringe whisk 
sucked it all out, I then turned the stop-cock attached 
to the mouth, shut the bottle close, and wedghiogrraY 
again, found it had lost 40 grains, which was the wiagK 
of the air. At last I filled the bottle with carbonic eoa* 
instead of air, and weighing again, found the vessel ma, 
weighed 60 grains more than before. This was the) 
weight of the carbonic acid ; and now having fount 
that when we take equal bulks of common air and 
carbonic acid, the latter weighs 00 grains, while tba- 
former weighs only 40, 1 inlet that Una aattaaia «dui 
is one h*lf bemvier than common aw \ tax Va, tot «** 

cUh gnritjr ia 1.5. By a wroilwt v*w*sh\ toal 
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that hydrogen gas, one of the elements of water, is 
more than thirteen times as light as air, being the 
lightest of all known bodies. 

72. A body floats in water at any depth, when its 
specific gravity is just equal to that of water. The 
human system is a little heavier than water, and there- 
fore tends to sink in it ; but if we strike the water 
downward, its reaction will keep us up, acting as it 
does in a direction opposite to that of gravity. A very 
slight blow upon the water is sufficient to balance the 
downward tendency, and therefore swimming becomes 
an easy matter when skillfully practised. As we lose 
in water as much of our weight as the same bulk of 
water would weigh, and that is nearly the whole, it is 
only the slight excess of our weight which we have 
to sustain in swimming. Indeed, if we could keep 
our lungs constantly inflated, we should require no re- 
action to keep us up, but should float on the surface. 
Dr. Franklin when a boy swam across a river by the 
aid of his kite, which supplied the upward force neces- 
sary to sustain him, instead of the reaction of the wa- 
ter. Fishes are nearly of the same specific gravity 
as the water in which they live. They are supplied 
with a small air-bladder, which they have the power 
of compressing and dilating. When they wish to sink 
they compress this bladder, and their specific gravity 
is then greater than that of the water ; and they easi- 
ly rise again by suffering the bladder to dilate. Birds 
float in tho atmosphere on similar principles. Being 
but little heavier, bulk for bulk, than the air, very 
slight blows with their wings create the reaction in 
an upward direction, which / is necessary to sustain 
them ; stronger blows cause the reaction to overbalance 

/ 

72. When does a body float hi water 1 Hon* » to» \rc&* w$r 
lowdoflshes ascend and descend* 1 How do bird* ft* *V 
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the excess of their specific gravity over that of the 
and they rise with the difference. 

73. When a body fioaU an the surface of took 
displaces as much weight of water as is equal t 
own weight. Thus, if I place a wooden block w€ 
ing four ounces in a tumbler of water even full* 
four ounces of the water will run over, as we i 
ascertain by collecting and weighing it. Upon 
principle ships float on water. In proportion as 
lade the ship, it sinks deeper and deeper, the we 
of water displaced always being exactly equal to 
weight of the ship and cargo. The actual weigh 
the ship and cargo .may be easily ascertained on 
principle ; for if we float the ship into a dock of kn 
size, containing a given quantity of water, the we 
of the ship and cargo may be determined from the 
of the water in the dock. A boy wished to find 
tonnage of his boat, 
therefore loaded it as he 
as it would swim, and 
transferred it to a small 
which he had made, an< 
which he knew the e 
[[dimensions. He then poi 
II into the box a pound of 
I'ter at a time, and whe 
had settled to a good lc 
he made a mark at the water line, and adding 
pound of water at a time, he thus had marks at di 
ent heights, from one pound up to twenty. He ft 
that four pounds of water were amply sufficier 
float his boat, and when the boat was laid upoi 
the water rose on the sides to the nineteenth m 
Consequently the boat had raised the water fif 

73. How much water does a floating body displace ? Exai 
Method of finding the tonnage of & skip ? How did the boy fin 
tonnage ofhiaboaXl 
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marks, and its weight was of course fifteen pounds ; 
for it weighed just as much as the water would have 
weighed which it would have taken to raise the level 
i the fourth to the nineteenth mark. 




Of the Motion of Fluids. 

74. That part of hydrostatics which treats of the 
mechanical properties and agencies of running water, 
is called Hydraulics, and machines carried by water, 
or used for raising it, Hydraulic machines. It em- 
braces what relates to water flowing in open channels, 
as rivers and canals; or in pipes, as aqueducts; or 
issuing from reservoirs in jets and fountains ; or falling, 
as in dams and cascades ; or oscillating in waves. 
A river or canal is water rolling down hill, and would 
be subject to the same law as other bodies descending 
inclined planes, were it not for the numerous impedi- 
ments which oppose the full operation of the law. 
Now a body rolling down an inclined plane has its 
motion constantly accelerated, like a body falling per- 
pendicularly, gaining the same speed in descending 
the plane that it would in falling through the perpen- 
dicular height of the plane. Hence when a body rolls 
down a long plane without obstruction, it soon acquires 
an immense velocity, as is seen in a rock rolling down 
a long hill. In the same manner, a body of water 
descending in a river constantly tends to run faster 
and faster, and would soon acquire a most destructive 
momentum, were it not retarded by numerous coun- 
teracting causes, the chief of which are the friction of 
the banks and bottom, and the resistance occasioned 
by its winding course, every turn opposing an impedi- 
ment of more or less force. By such a circuitous 
route two benefits are gained — the rapidity of the 

74. De&m \ Hydraulic*. What subjects do*»s\tembraet1 fcwrVew* 
mbject to the law* of iaJJiog bodies 1 What VreiMifaa w^ fc«« 
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stream isebebked* Ms) ib I 
distributed; A rivrtr flan* tote* is^thin 
wards the nrfddie, the* Mat the *a*ka?4 
less retarded fay hkti<m; and tafag'* 
rapidity is greatly increased, because since the i 
that are piled on tketor%ksi bad aifefcrtjeoti 
friction, they exhibit something of the acceleratedi J 
tion of bodies rolling freery dowtilaolifted atafeesil 
very slight fall is sttffioient.to git* motioa to 
where the impediment are sKafc. - The Cretan^ 
duct, that waters the city of ffew York, fallal 
foot in a mile* Three feet fall permfl* 
mountain torrent* Some rivers do not fall mere- 
500 feet in 1000 miles, or a foot in two miles, and j 
quire a number of days, or even weeks, to pass onsj 
this distance. 

75. The Aqueducts which the ancient Romaai 
and Carthaginians built for watering their oitis* 
were among the greatest of their works, some «J 
which have remained until the present day. Lar$ 
streams were conducted for many miles, sometime! 
not less than a hundred, in open canals, carried through 
mountains and led over deep valleys, on stupendott 
arches of masonry. Some have supposed that tltf 
ancients must have been unacquainted with the pria 
ciple, that water flowing in pipes will rise as high sj 
its source, since, had they known this, they raigb 
have conveyed water in pipes instead of such expeo 
sive structures ; these might have ascended and de 
scended, following all the inequalities of the face d 
the country, provided they were in no part highei 
than the head or spring. It is found, however, tha 
they were acquainted with the principle, but prefer 



the eircuUoui route* of riven 1 What part of a river flows faattd 
Why do riven run so swift during a Jtafat t What fall per mil 
have the Croton Water Worka \ 
75. What of the Aqueducts «C the Hotaw* wd& C*xv\*a%\a*a 
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i to construct their aqueducts of open channels rath- 
than pipes. Suitable pipes, at that age, would 
Lve been very costly. They are apt also to become 
ogged ; and although they might have followed the in- 
[ualities of hills and valleys, yet when they descend- 
1 and ascended far from the general level, they would 
a obliged to encounter an enormous pressure, since, 
i a column of water, the pressure on any part is pro- 
ortioned to the depth below the surface of the water, 
lcreasing five hundred pounds to the square foot for 
very eight feet of descent. A pipe, therefore, fifty 
bet deep and full of water, would have to bear a pres- 
ure at the lower part of more than three thousand 
xmnds to the square foot, and must be made propor- 
kmally strong, and would be apt to leak at the joints. 
Even at the present day, it is found more eligible to 
irater cities by open aqueducts than by pipes, as is 
done in the new Croton Water Works for watering the 
city of New York. Here an artificial river of the 
purest water is conveyed from the county of Westches- 
ter, forty -one miles above the city, to a vast reservoir 
capable of holding 150,000,000 of gallons, where it has 
opportunity to deposit any sediment or impurities it 
may have taken up on its way, and to absorb air, which 
gives it life and briskness. From the reservoir it is 
distributed to all parts of the city in pipes, affording 
an ample supply for domestic uses, for watering and 
washing the streets, and for extinguishing fires. 

76. When a plug is removed from the top of one of 
the pipes of an aqueduct, the water spouts upward in 
a jet ; for, since water thus situated tends to rise as 
high as its source, it will spout to that height when 
unconfined. At least it would ascend to that height 



Were the ancients acquainted with the principle that water as- 
ceods to the level of its source 1 Describe tne Cioto&'W *\s\ ^N q\\a. 
76. Why does water spout from a pipe of an torataittA \V«hi 
Hgkwill u spout? 
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were it not for the resistance of the air, which pre- 
vents its attaining that full height. It is on this prin- 
ciple that fountains are constructed. If we open a 
vent in the side of a water-pipe, so as to let the jet 
out obliquely, it will form the curve of a parabola; 
and by letting out the jet through different orificee, 
the curves may be varied, and beautiful and pleasing 
figures exhibited, as is shown at the Park Fountain 
in the city of New York. 

77. In building tall or deep cisterns, we must re- 
member, that the pressure on any part of the cistern 
increases with the depth, and hence that the lower 
parts require to be made stronger and closer than the 
upper, che they will either burst in pieces or leak. 
A philosopher wishing to provide a constant supply 
of water near his house, constructed a large cistern 
six feet high, and contrived to convey a small stream 
of water to the top which kept it always full and run- 
ning over by a waste-pipe. In the side of the cistern 
he inserted two large stop-cocks of equal size, the 
first, one foot, and the other four feet from the top, 
supposing that he might, in a given time, draw off either 
one gallon or four gallons ; but he was surprised to find 
that he could obtain from the lower stop-cock only 
twice as much as from the upper. How, thought he, 
is this consistent with the principle that the pressure 
is proportioned to the depth ? If it presses against 
the side of the cistern at the lower level four times as 
much as at the upper, why do not four times as many 
gallons run out when the stopper is opened ? On re- 
flection, however, he perceived that the pressure on 
the side must be proportioned to the momentum, whioh 
depends on two things — the quantity of matter and 
the velocity ; and of course that twice the quantity of 



77. How must we provide for the. strength ot \k$>\v* *X *®«« 
heights ? Relate ihe story of ihe ^ W ^> e V dxW ^S^^^ 
astern. To whm istli* nuanutv of w*Vei oAacYv^^Vxo^^c^* 
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crater flowing with twice the velocity, would have 
ust four times the momentum. Hence ho learned the 
p-and principle, that in a column of water kept con- 
stantly full, the quantity discharged from any orifice 
n the side, is proportioned to the square rodt of the 
lepth below the surface of the fluid. So that, to draw 
)fF twice as much, we must make the opening, four 
imes as deep, and to draw ofF three times as much, we 
must make it nine times as deep. 

78. The philosopher tried another experiment with 
his cistern. He turned off the run of water that sup- 
plied the cistern, and then opened the upp.r stop- 
cock, and found it took just five minutes to draw otr 
the water to that depth. He then let in the run that 
supplied the cistern and kept it constantly full. Now 
opening the same orifice again, and drawing off f >r five 
minutes more, he found that he caiurht just twice as 
much water as before. From this he inllri -l. that if 
a vessel discharges a certain quantity of water in emp- 
tying itself to a certain level, it will discharge twice 
as much in the same time, when the vessel is kept 
constantly full. 

79. Water issues from the. bottom or side of a ves- 
sel with the same force that it would acquire by fall- 
ing through the perpendicular height of the column. 
It would therefore /seem to make no difference whether 
we let water fall Jipon a water-wheel from the top of 
a cistern, or whether wo raise a gate at the bottom 
of the column, a/id let the water issue so as to strike 
the wheel theve, since it would strike the wheel 
in both cases /vith the same velocity, except what 
might be lost /in the falling column by the resistance 

different depths Mproportioncd ? How much lower mn>t we go to 
double the qunm tlt y ? 

hZ%r*YtV*?flr? r ex P™tnent did he try 1 How \\\\\c\\ UKrot \& $w 
wWX'V^J is * e ** constantly f,i\\ \ 
veil J)ocMit° r< ? does water issue from the bottom c**ute^ 
make any difference whelViet nvviU'T fci\\& W^ 
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of the air. A waterfall like that of Niagara, when 
an immense body of water rolls first in rapids down a 
long inclined plane, and then descends perpendicu- 
larly from a great height, affords one of the greatest 
exhibitions of mechanical power ever seen. The Falli 
of Niagara contain power enough to turn all the mills 
and machinery in the world. They waste a greatel 
amount of power every minute, than was expended in 
building the pyramids of Egypt ; for, in that short 
space of time, millions of pounds of water go over the 
falls, and each pound, by the velocity it gains in fall- 
ing first down the rapids, and then perpendicularly, 
acquires resistless energy. Water falling one hundred 
feet would strike on every square foot with a force of 
more than six thousand pounds. 

80. Man imitates the power of the natural water- 
fall when he builds a dam across a stream, raising il 
above its natural level, and then turning aside mow 
or less of it into a narrow channel, makes it acquire 
momentum while regaining its original level. WheE 
it has gained the requisite force, he turns it upon fl 
water-wheel usually of great size, from which, bj 
means of machinery, the force is distributed wherevei 
it is wanted, and so applied as to do all sorts of work, 
When a run of water first strikes a wheel at rest, il 
strikes it with its full force ; but as the wheel move! 
before it, the effect of the force is diminished, and if 
the wheel acquired the same velocity as the stream 
the force would become nothing. The wheel is re 
tarded by making it do more and more work, or earn 
a greater weight, until it acquires a uniform motion a 
a certain rate, which ought to be that at which the fore* 
of the stream produces the greatest effect. This ii 



wheel from the top, or issues upon it from the bottom t What of thi 
Falls of Xiugurn ! 
SO. When does man imitate the wateifaWt "WSjta"wV«aA«w* tam 
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in some cases when the wheel moves half as fast as 
the stream. That a current of water or of wind strikes 
an object with less force when the object is moving the 
same way, is a general principle. Thus, when a steam- 
boat is moving directly before the wind, she would de- 
rive little aid from sails unless the wind were high, 
for she would " run away from the breeze ;" that is, 
the wind would produce no effect any farther than its 
velocity exceeded that of the boat, and if it were just 
equal to that, the effect would be absolutely notning. 
A man in a balloon, carried forward by a wind blow, 
ing a hundred miles an hour, would speedily acquire 
the sa me velocity with the wind, and therefore appear 
to himself to be all the while in a calm. Although 
the earth is constantly revolving round the sun with 
inconceivable rapidity, yet as we have the same ve- 
locity we seem to be at rest. 

Sec 4. Of the Remarkable Properties combined in 
Water. 

81. Water combines in itself a variety of useful 
properties, all designed for the benefit of man. First, 
Natural History leads us to contemplate it in its va- 
rious aspects. It covers about three fourths of the 
globe, and is distributed into oceans, seas, and lakes, 
rivers, springs, and atmospheric vapor. By the agency 
of heat, water is constantly rising in vapor on all parts 
of the ocean. This mingles with the air in an in- 
visible elastic state, being separated in the process of 
evaporation from its salt and every other impurity. 
More or less of it is conveyed over the land by winds, 
and falls upon it in dew, and rain, and snow. A part 
of this filters through the sand, runs down in the 

}n what case does the stream produce its greatest eftecl\ Yamvy^r 
mm steamboat. How would a man in a ha\\oot\ &^ewc \o YMfc- 
MTui^SSr?^ mo P°U with the «ame*elocitvj wa \V« viybA^ 
imiemjsrsuy What benefta flow from rfeera ? Ateo ftom^ <**** 
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crevices of rocks, and collects in pure fountains not tu 
below the surface, where it may be easily reached ik 
almost every place, by digging wells. In ▼arion 
places it flows out by its own pressure, in springs and 
streamlets, which unite in rivulets, and these iri 
rivers, which return the water to the sea. But riven 
as they run are made to impart fertility, and to furnish 
an avenue by which vessels and steamboats may pen* 
trate into the heart of every country, and conrey tothe 
remotest cities the riches of every clime. As riven 
furnish an entrance into the interior of countries, tb 
the ocean forms the great highway between nations; 
and unites all nations in the bands of commerce. Still 
further, to serve the grand cause of benevolence, the 
ocean is filled with living beings innumerable, which 
are not, like land animals, confined to the surface, but 
occupy the depth of at least six hundred feet, and thus 
enjoy a far more extensive domain than the part of the 
animal creation that inherits the land. 

82. Secondly, Chemistry regards water with no ' 
less interest than Natural History. Its very composi- 
tion is admirable, being constituted of two substances, 
oxygen and hydrogen, which, when united with heat, 
are separated in the gaseous form, and each possesses 
the most curious and wonderful properties. Oxygen 
is found as an element in nearly all bodies in na- 
ture ; it is the part of atmospheric air which sus- 
tains all animal life and supports all fires ; and it is 
the most active agent in producing all the changes 
of matter which take place both in nature and art. 
Hydrogen gas is the most combustible of all bodies, 
and is in fact what we see burning in nearly every 
sort of flame. As a solvent, water performs the most 
useful service to man, removing every impurity from 
his clothing or his person, diss&Vvc^ uA ^rc«q»&- 

82. What is the composition <rf watei V*>£ iS^E^^2S 
gen? W,a£ofwaterl«ataii>-Sit? Ol the &S«e^ ***** * ^« 
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ing his food, and entering largely into nearly all the 
processes of the arts. By the different states which 
water assumes, of ice and snow and vapor, it performs 
important offices in the economy of Nature, as well 
as in its native state of a liquid. These changes of 
state regulate the temperature of the atmosphere, and 
preserve it from dangerous excesses both of heat and 
cold. On the one hand, on the approach of winter in 
cold climates, water changes to ice and gives out a 
vast amount of heat that kept it in the liquid state ; 
and on the approach of summer, to check the too 
rapid increase of temperature, the same heat which 
•was given out when water was changed into ice, is 
now absorbed and withdrawn from the atmosphere, as 
ice is changed back to water. Moreover, during the 
heat of summer, the evaporation of water, a very 
cooling process, checks the tendency to excess of the 
heat of the sun, and guards us from all danger on that 
hand. Ice, by covering the rivers, keeps thorn from 
freezing except on the surface ; and snow is a warm 
and downy covering thrown over the earth to pro- 
tect the vegetable kingdom by confining the heat of 
the earth. 

83. Thirdly, it is the province of Physiology to con- 
template the relations of water to the vegetable and 
animal kingdoms. Water is the chief food of plants, 
which it nourishes, either by supplying a part of their 
elements, or by dissolving their nutriment, and thus 
preparing it for circulation ; and hence water is indis- 
pensable to the life and growth of all vegetables. To 
animals and man, it furnishes the best and only neces- 
sary beverage ; it is the medium by which our food is 
prepared ; and it acts medicinally in various ways, 
both internally and externally. 



How does it check the cold of winter and the heat of wMKavet ^ 
Useful properties of ice and * 
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84. F'meA\y,the]!^hmiomlr^tk3^prwmtB^§^ 
as those we have been considering in the priiiwiin| 

pages, are hardly leas remarkable ant* important *dw» 
the rest. By its mobjKty, it maintain* its own~bfjt 
and keeps itself within its prescribed hound*;: bjrifc 
buoyancy, it furnishes a habitation for jauaMfoas tfihfli 
of fishes, and lays the foundation of the whole Aft 4^ 
navigation ; by its pressure in all directions, it giveslln) 
first indication of containing great mechanical enenjpi 
which is more fully developed in the immense- fcsjt 
of running water, which may be regarded as a repsjs)) E 
tory of power kept in readiness for the use of ma*a> ■ 
and, finally, by its property of being converted iqjp ,■ 
steam, it discloses a new and inexhaustible fountain ot 
mechanical force, which man may employ in any 
degree of intensity to perform the humblest and thf 
mightiest of his works. ^ 



CHAPTER I.V. 
PNEUMATICS. 

PROPERTIES OF ELASTIC FLUIDS AIR-PUMP— COMMON 

PHON— BAROMETER CONDENSER FIRE ENGINE STEAM AMD IT! 

PROPERTIES STEAM ENGINE. 

85. Pneumatics is tliat branch of Natural PhUoss* 
phy which treats of the pressure and motion of elastic 
fluids. Elastic fluids are those which are capable of 
contracting or dilating their volume under different 
degrees of pressure. They are of two kinds, gases 
and vapors. Gases constantly retain the elastic in- 
visible state ; vapors remain in this state only when 
heated to a certain degree, but return to the liquid 

84. Advantages of its mobility— of its preuure — of its capacity «f 
being converted into r*— ■ 



85. DeDne Pneumatics. What are elastic fluids 1 State the tw» 
kinds and distinguish between them. "WYwX two t\«s&&, ta£&h «& 
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fate when cooled. Common air is a gas, steam a 
rapor. Although there are many different gases and 
rapors known to Chemistry, yet air and steam are the 
dasiic fluids chiefly regarded in Natural Philosophy. 
&ir and steam are both commonly invisible ; but air, 
when we look through an extensive body of it, ap- 
>ears of a delicate blue or azure color, which habit 
leads us to refer to distant objects seen through it. It 
is not the distant mountain that is blue, but the air 
through which we see it. Air also sometimes becomes 
risible when ascending and descending currents mix, 
as over a pan of coals, or a hot chimney, when we 
see a wavy appearance, which is air itself. Vapors 
also exhibit naturally some variety of colors, as yellow 
and purple ; but the vapor of water or steam is usually 
invisible. We must carefully distinguisli between 
elastic vapor and the mist which issues from a tea- 
kettle. This is vapor condensed, or restored to the state 
of water, and it is only at the mouth of the tea-kettle, 
where it is hot, that it is in the state of steam, and there 
it is invisible, ±fc 

86. The general principles of mechanics apply to 
liquids and gases, as well as to solids, all bodies being 
subject alike to the laws of motion ; but the property 
of mobility of parts, which characterizes liquids, and 
of elasticity which characterizes gases and vapors, 
gives them severally additional properties, which lay 
the foundation of hydrostatics and pneumatics. Al- 
though we do not usually see gases and vapors, yet 
we find in them properties of matter enough to prove 
their materiality. In common with solids, they have 
impenetrability, inertia, and weight ; in common with 
liquids, they are subject to the law of equal pressure 
in all directions, and when confined they transmit the 

rhiefiy regarded in Natural Philosophy 1 When i& an n\s&>\&\ *&* 
«jwn fewer visible 1 J 

98. Do the general principles of Mechanics aw\v Vo ^qottava* 
8 
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effects of a pressure of blow upon any one pUifftfW 
vessel, to all parts alike ; bat id Aefr efasttoity, t»^ 
differ from both solids and liquids.' SSnee sir aM sttHs? 
are the elastic fluids with which Natural Phi lu s U fjy 
is chiefly concerned, we shall consider each of Aesi 
separately. ' M ■ 

. --.p.-; 

Sjbc. 1. Of Atmospheric Air. * j 

87. We may readily verify upon atiroephenoanv 
the various properties of an elastic fluid; Its impend 
trability, or the property of excluding all other Maftsr 
from the space it occupies, will be manifested if* #r 

invert a tall tumbler in water. It will permit the 
water to occupy more and more of the space as we 
depress it farther, but will never cease to exclude the 
water from a certain portion of the tumbler which it 
occupies. We may render this ex- 
periment more striking, by employ- 
ing a glass cylinder and piston, as is 
represented in Fig. 42. Let A B C D 
represent a hollow cylinder, made 
perfectly smooth and regular on the 
inside, and P a short solid cylinder, 
called a piston, moving up and down 
in it air-tight, and R the piston-rod. 
Now when we insert the piston near 
the top of the cylinder, the space 
below it is filled with air. On de- 
pressing the piston, the air, on ac- 
count of its elasticity, gives way, and we at first feel 
but little resistance ; but as we thrust it down nearer 
to the bottom, the resistance increases, and finally be- 




gases 1 What property characterizes liquids, and what solids t 
what properties of matter have gases and vapors 1 
87. Show how air is proved \o be ut%lec\«\. ¥/i\ta\w ^vrm% 4&> 
State the different principles v*\ncYv tiaia *v?&x*vq& Sa <**wfc$*. <k 
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comes so great that we cannot depress it any farther 
by the strength of the hand. If we apply heavy 
weights, we may force it nearer and nearer to the 
bottom of the cylinder ; but no power will bring it into 
contact with the bottom. This experiment may be 
so varied as to prove several things. First, it shows 
that air is impenetrable ; secondly, that it may be 
indefinitely compressed — all the air of a large room 
might be reduced to a thimble-full, and on removing 
the pressure, it would immediately recover its original 
volume ; thirdly, that the resistance increases the more 
it is compressed. We will graduate the cylinder into 
a thousand equal divisions, by horizontal marks num- 
bered from the bottom upward from one to one thou- 
sand, and place on the pan at the top of the piston-rod 
a few grains, so as just to overcome the friction of 
the piston against the sides of the cylinder. We will 
now put on weights successively, until we have sunk 
the piston half way, when the air occupies five hun- 
dred instead of a thousand parts of the cylinder. If 
we double the weight, it will not carry the piston the 
same distance as before, that is to the bottom, but only 
through half the remaining space, so that the air now 
occupies one fourth of the capacity of the cylinder. 
If we double the present weight, it will again be com- 
pressed one half, so as to fill but an eighth pari of the 
cylinder. We find, therefore, that a double force 
of compression, always reduces to half the former 
volume. This law is expressed by saying, that the 
volume of a given weight of air is inversely as the com- 
pressing force. 

88. Air has the property of inertia. It remains at 

proving. How is the volume of a given weight of air proportioned 
to the compressing force 1 
-&U ™ hyha ? ^rthe property of inertia 1 Stele W «TL^\wnK*X 

me particles ot elosnc fluids any coheioa \ 
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rest unless put in motion by some force, and continues 
to move until some adequate force stops it. When 
put in motion by any moving body, it destroys just as 
much motion in that body as it receives from it ; and 
it loses its motion only as it imparts the same amount 
to some other matter. A large body moving swiftly 
through the air meets with great resistance ; but what- 
ever motion it loses, it imparts to the air, which might 
be sufficient to produce a high wind. Air also has 
weight. If we balance a light bottle, containing a hun- 
dred cubic inches, in a delicate pair of scales, having 
just pumped out all the air from the bottle, and then 
open the stopper, and admit the air again, we find the 
vessel lias gained in weight 3()£ grains. We call air 
and all other gases and vapors fluids, because their 
particles move so easily among themselves. The par- 
ticles of elastic fluids have no cohesion, but on the other 
hand, have a mutual repulsion, which causes them to 
fly off from each other as soon as the compressing force 
is removed or diminished. 

89. The lower portions of air which lie next to the 
earth, are pressed by the whole weight of the atmo- 
sphere, which is found to amount to the enormous force 
of 15 pounds upon every square inch ; or above 2,000 
pounds upon a square foot. This force would be insup- 
portable to man and animals, were it not equal in all 
directions, entering into the pores of bodies, and thus 
being everywhere nearly in a state of equilibrium. It 
is only when we withdraw the air from a given space, 
so as to leave the surrounding air unbalanced, that we 
see marks of this violent pressure. 

90. The air-pump. — Various properties of the air 
are exhibited by this beautiful and interesting appara- 
tus. A simple form of the Air-Pump is shown in fig- 

89. What is the pressure of the atmowphete u^ou * «vwae *vwSfc» 
and square foot 1 V\ hy is it not insupporVabto xo ummi * 
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we 43. A represents a cylinder having a piston 
noting up and down in it. The cylinder communi 

Kg. 43. 
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cates by an open pipe, B, with the plate of the pump, 
C, opening into the receiver, D, which is a glass ves- 
sel ground at the bottom so as to fit the plate of the 
pump air-tight. At S is a small screw which opens or 
closes a passage into the pipe, B, by which air may 
be let into the receiver when it has been withdrawn by 
the pump. 

In order to understand how the pump extracts the 
air from the receiver, or exhausts it, it is necessary 
first to learn the structure of a valve. A valve is any 
contrivance by which a fluid is permitted to flow one 
way, but prevented from flowing the opposite way. 
A common hand bellows affords an example of a valve, 
in the little clapper on the under side. When the 
bellows is opened, the clapper rises and the air runs 
in ; and when the bellows is shut, the clapper closes 

90j Air-Pump. Describe Fig. 43. Descttofc fcwrtrct. ^asK^xa. 
bellows— in the piston and cylinder of V.Vie nVr.nwrevfr. t»*\$s»A5^^» 

8* 
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uponlh* ori^*aa**wtiw*iiJ«iwnqliM*poJyj 
s*me way U entered, it is Jeroad(Oi*ityAe>frahig 
the bellows* In the bottom of^ the cylinder, A, lalj 
ure 43, there is a sman Dole, like a pin bole. •{] 
drawingbip the piston, die space bekp*it would hi 
vacuumwere it not that the air injtantly rashes: i 
from the pipe, B, and (he reoeive/^IJ, and fills d 
space, as water runs into a -syringe* -^At strip of cflp 
silk is tied firmly o*er the orifice . in { the bottojM 
the cylinder on the inside, opening (freely up*il 
when this air seeks entrance j&om below, but shnttti 
downward and preventing ilji return.j Then if 1 
should attempt to force down the cylinder, the s 
below it would resist its descent ; but a small hole 
made through the piston itself, and a valve tied to ti 
upper side opening upward ; so that on depressii 
the piston, the air below makes its way through tl 
valve and escapes into the open space above. 1R 
raise the piston, and the air in the receiver follows 
through a valve in the bottom of the cylinder openii 
upward. The original air of the receiver being: no 
expanded equally through the receiver, the cyfiadc 
and the connecting-pipe, we thrust down the pisto 
and the portion of the air that is contained in the 03 
inder is forced out through the piston. We aga 
raise the piston, and the remaining air of the receiv 
expands itself as before through (he vacuum; 1 
depress the piston, and a second cylinder full of 8 
is withdrawn. By continuing this process, we rare 
more and more the air of the receiver, every stroke < 
the piston leaving what remains more rare than Is 
fore. Still, on account of the elasticity of air, wh 
remains in the cylinder will always diffuse Use 
through the whole vessel, so that we cannot produ 
a complete vacuum by the air-pump. 

process of exhausting a veisel. Ctm. *« v^tac* * tt*n$A\* 
cuam by the air-pump 1 
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91. Several experiments will illustrate th^ jrreat 
pressure of the atmosphere, when no longer balanced 
by an equal and opposite force. We shall find the 
receiver, when exhausted by the foregoing process, 
held firmly to the plate of the pump so that we cannot 
remove it until we have opened the screw, S, and 
admitted the air ; then the downward force of the air 
being counterbalanced by an equal force from within, 
the vessel is easily taken off. The 
Magdeburg Hemispheres, represented in Fig. 44 
figure 44, afford a striking illustration 
of the force of atmospheric pressure. 
When they have air within as well as i 
without, they are easily, when joined, , 
separated from each other ; but let us \ 
now put them closely together and 
screw the ball thus formed upon the 
plate of the pump, exhaust the air, and 
close the stop-cock so as to prevent its 
return. We then unscrew the ball from the pump, and 
screw on the loose handle ; the hemispheres are pressed 
so closely together that two men, taking hold by the 
opposite handles, can hardly pull them apart. Hemis- 
pheres four inches in diameter would be held togeth- 
er with a force equal to 188 pounds. Otto Guericke, 
of Magdeburg, in Germany, who invented the air-pump 
and contrived this experiment, had a pair of hemis- 
pheres constructed, so large that sixteen horses, eight 
on each side, were unable to draw them apart. A 
pair only two feet in diameter, would require to sepa- 
rate them a force equal to 6785 pounds. If our bod- 
ies were not so penetrated by air, that the external 
pressure is counterbalanced by an equal force from 




91. Give an example of the great pressure of the atmosphere I >e- . 
scribe the Magdeburg Hemispheres. "WVial va sa\d <ri \W** \\vw\a 
by Otto Guericke 1 How much pressure do«a *. mv&jSSswso^ to*^ 
mutmm 1 Why are we not crashed *\ 
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within, we should be crushed under the 
the atmosphere; fer a middle sisedtnan 
tain a pressure of aboutl4 tens. 

#2. If we take a spar* ft««fe, fit a stop-cock teHtJ 
and exhaust the ait, the pressure on the outride wH 
crush it into small fragments, with a kind expkesoder 
It ifl prudent -to Uwow a lower or handkerchief loose* 
ly over it, to prevent injury from the flag'meato .' -:*-Jt 
square bottle is preferred to-sv round one, beoawfc 
such a figure ha* leas power of resistance. The Jajd 
stone exponent may be' tried without aa afr-puw 
and aJb^tA pleasing illustration W the ftm»<or 
atnx)s|iherio ^emre. Out out a circular jtfeoe ; of 
sole leather; Are or efiz Inches in diameter, ThrsuglT 
a hole in the/center tfraw a waxed thread to serve fsf' 
a handle, ^ifoek the leather in water until tirH 
very soft and pliable ; then, on applying this to anif ' 
smooth, clean surface, as that of a lap-stone, a slab 
of marble, or a table, it will adhere with such force, 
that we cannot lift it off; but when we pull up 
ward, the heavy body to which it is attached will 
be lifted with it. We may, however, slide it with 
ease, because no force acts up- 
on it to prevent its motion m 
this direction, except simply 
the adhesion of the surfaces. 
1 Flies are said to ascend a pane 
of class on this principle, by 
applying their broad feet firmly 
| to the glass, which are held 
i down by the pressure of the at- 
mosphere. When we apply a 
sucker, and exhaust it with the 
mouth, the fluid rises because 

92. Describe the experiment with a wonk Vftftit. *&» ta& V>» 
atone experiment, why can we so eMaVj dSa*tab>etifeet , V ^Btom 
^ tiies ascend smooth planes 1 How doea toe \w>i WHfla w*\«t\ 



Fig. 45. 
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Fig. 46. 



weed up by the pressure of the atmosphere on its 
je. When we draw in the breath, the lungs are 
ded like a pair of bellows. Thus the air runs 
Jie sucker into the lungs, and forms a vacuum in 
lcker. Immediately the pressure of the atmo- 
» on the surface of the fluid, not being balanced 
tube, forces the fluid up the tube and thence into 
with. 

If we fill a vial with water, and, placing one 
> on the mouth, invert it in a tumbler partly full 
ter, the water will not run out of 
ial, but will remain suspended, 
se there being no air at the top of 
lumn to balance the pressure that 
it the mouth of the vial, the 
n cannot descend. If, however, 
d of the vial, we should employ a 
lore than 33 feet long, on filling it 
iverting it, as was done with the 
the water would settle to about 33 
and there it would rest; for the 
ire of the atmosphere is capable of 
ling a column of water only 33 
igh. Were it higher than this, it 

be more than a counterpoise for 
pressure, and would overcome it 
nk ; and were it lower than that, 
dd be overcome by that pressure, 
•ise until it exactly balanced the 
sf the atmosphere. Instead of fill- 
e pipe with water, we will attach a 
x*k to the open end, screw it on 
ite of the air-pump, and exhaust the air. We 
iow close the stop-cock, and removing the tube 




describe the experiment with the \\a\. kW nvvCbl * ^* 
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team the pump, will plaoe the lower end oi 
Jft»a howl of water* On opening, the atop 
WStAer will rush into the pipe, and rise to 
mm* height as before, namely, about 88 6 
kdprttl rest, far both oases, there is an empti 
Ireeuum in the tapper part of the pipe above tl 
*fwater> : 

94. This experiment illustrate 
ciple of .the common pump, of ,tl 
• and p/ the faromcter. Let ui 
how prater is raited, by the par 
apparatus usually consists of t? 
■j^j a larger, A B, above, and a sum 
below. The piston moves in 1 
pipe, and the smaller pipe de* 
the well. . On the top of the lat 
it enters the former, is a valve, "* 

e upward. Suppose the piston, I 
p close to this valve. On raising 
from the lower pipe diffuses itsel 
empty space below the piston, 
rarefied, and no longer balances 
sure of the atmosphere on the i 
the well. Consequently, the 
forced up until the weight of th 
together with the weight of th< 
air, restores the equilibrium. S 
the piston being drawn up to P, 
rises to H ; then the column, H 
rarefied air in both pipes tog* 
counterbalance the weight of 
sphere. On raising the piston si 
the water rises above H, but woul 



H 



B 



H 



ably reach the valve, V, by a single elevation 



94. Explain the common pumvfrom ?V&. CI. TAw 
does the atmosphere exert "in raiauig,tlafc'<w*X<!i\ 
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ton. We therefore thrw: -yyz. v* -.*:*.:« v ::* 

operation. The air between V t^: r ** : -- • -•: * 
returning into the bwer ;.;»£- -.y ~:* -»* 
shuts downward; but ::„•* e^:..***: i..- * •-. *:. 
pressed by the descends :.<::»:- _:.j i t - . . *■ 
piston, as in the air-iiiL r. to: «oi:*e* i -* .n 
drawing up the pis:on a *.^c:c : -'v —. :•: *- . 
water rises into the vz-z*: y i* \, m yr-. .-•* t • 
on depressing the yj?s.*. tr* -. v.-t ▼ »-.*• : - 
by the piston, lifts iu vt/.t. *.:_.: ;-**:> * *_- * ■ - ,-. 
on drawing up the p>TL tr*- "- v *•- *-*- •-••■,■ 
up to the level of the *;oy*-. .*.*•:•*•*.-.-■ » • 

exert just as much f:~-e :i triuVf. .-*■*•- 
pressure of the atm:** 1 --*-* eie-.* -t i. -■; - ^ -.- 
ter. It requires, ther^ :*.-*:./.;«: L: "r/.- •= - 

a given quantity of wt^r :y •■_% ;».*-•: ? ' 
op in a bucket : and Vj* :-i y * .eb-.v: 
most convenient moo* :-f *-;•:;•' * :* "".-. : 

95. The Syphon ih b *^:r. --.-^ 
having one leg jonser ***• *'* ? • * 

other, as in Fig. 4». !:' v.* *■■• ^ 

the shorter leg into viv/ fit ; ".- 

„ suck out the air frjr: :\> *■„•* - 
» the water will rise. pa«? vv*» •* 
1 bend, flow out at !he i»:»et. «-..? jfT"" 1 " ' ~ 
and continue to run u :.-..". **. *-j% ^f=" 
water in the vess--l is '.'ivr. *.r. P" - ^ 
• Here the pressure of Vi* tvr- * m= ^~ 
sphere on both mouth* cf Vie ••-■* 
bthe same : but in each arm *.-**: . * 

pressure is resisted by trie **••;**!* 
of the column of water a ; x^ e * 
longer than by tbe Sorter «x- ,--:» 
pi tiring as though the prew-re **•* 
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i upon the inner mouth ; and h is easy to s*e tfcf 
le water io a tube, ia pressed one way room tfaa 
other, it will Jew in the direction in. which. .th 
•sure ia greatest. The syphon ia used in drawJQ 
liquors; and the water in aqueducts ia eometUM 
aveyed over hilla on the principle of the syphoj 
~ 49 But we must remember, that water eoui 
*' ' not be raised by it more than 88 feet; # 
when the bend is 88 feet abore the WqeLoj 
gt the fountain, then the oolumo in the aborts 
arm balan o ea the pressure of the stmosfJsni 
at the mouth of the tube in the well, ajj 
2t leaves no force to drive forward the oolnn 
into the descending arm. ..*q 

** 96, The Barometer ia an instrument k 
fi measuring the pressure of the atmosphere.?* 
the atmosphere be oonoeived to be di? " 
into perpendicular columns, the beiomsjjf 
measures the weight of one of these by <fl 
height of a column- of quicksilver which 
takes to balance it. Quicksilver is 13£ tin 
as heavy as water, and therefore a column 
much shorter than one of water, will balai 
the weight of an atmospheric column. 7 
will imply a column about 2£ feet, or 
inches high ; and it will be much more 
venient to experiment upon such a colt 
than upon one of water 33 feet high, 
will therefore take a glass tube about ' 
feet long, closed at one end and open a 
other, fill it with quicksilver, and placir 
finger firmly on the open mouth, we w 
sert this below the surface of the fluid 
small cistern, as represented in the 

96. Define the Barometer. Ttacnbe \ta mode of mak 
fig. 49. At what height wVft the ^cfestaet i«eA N*\ 
fmce above it called T 
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On withdrawing the finger, the quicksilver in the tube 
will settle to the height of about thirty inches, where 
it will rest, being sustained by the pressure of the 
atmosphere on the surface of the fluid in the cistern, 
to which force its weight is exactly equal. The space 
above the quicksilver, is the best vacuum we are able 
to form. It is called the Torricellian vacuum, from 
Torricelli, an Italian philosopher, who first formed it. 
The weight of a column of atmospheric air is different 
in different states of weather, and its variations will be 
indicated by the rising and falling of the quicksilver in 
the barometer. Any increase of weight in the air 
will make the fluid rise ; any diminution of weight 
will make it fall. Hence, these variations in the 
height of the barometric column, show us the compara- 
tive weight and pressure 'b? the atmosphere at any 
given time. By affplyrng to the upper part of the tube 
a scale divided into 'in cues and tenths of an« inch, we 
can read off the exact height of the quicksilver at any 
given time. Thus, the fluid, as represented in the 
figure, standc at .29 4 inches. 

97. The barometer is one of the most useful- and 
instructive of* philosophical instruments. By observing 
it from time to tiyn'e^ we may find how its ch^ng°s are 
connected with "rhe -changes of weather,' -atid'th us it 
frequently enablesiis io foretell s'ich changes, If, for 
example, we should observe a sudden p.atl extraordinary 
fall of the barometer, we shouid know 'that a high 
wind was near, possibly a violent gale. To seafaring 
men, the barometer is a most valuable instrument, 
since it enables them to foresee the approach of a gale, 
and provide against it. As a general fact, the rising 
of the barometer indicates fair, and its falling, foul 
weather. 

97. Explain the uBe of the barometer as a weather glass. What 
would a mid Jen and extraordinary fall indicate *\ NJ\va\ >n «.<&&&*. 
does its ri*e, and what its fail indicate \ 
9 
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Fig. 50. 




98. The foregoing consideratio 
weight and pressure of the atmosphd 
pump also affords us interesting ill) 
elasticity of air. 
vial with water,] 
a tumbler partlj 
same fluid. We 
the tumbler and j 
of the air-pump, i 
a receiver, and 
Soon after we 
pump, we shall 
of air making thJ 
the water, which I 
lect m u Bubble | 
column. The* bubble th*As* formed*,., 
and more j^3**the ^exhaustion' prone 
the water, .and 'occupies the whole 1 in 
This will happen much sooner if wo 
air ot first, and do not wait for it to " 
the water ; but this extrication of 
is itself an instructive part of the 1 
shows us tfiat water contains a larg 
held in combination with it by i\i4 
atmosphore' qn the surface, which 
all parts of Uie ffciM alike.* But on j 
pressure gradr/ally" frbm the surface j 
particles of air * imprisoned in the 
escape, and collect on the top. 
formed, will expand more and more I 
still farther removed, until it drive 
and fills the whole vial. If wo tur 
the pump (Fig. 43) and let in the &\t 
the surface of the water in the tumbl* 

98. Describe Fig. 50, and show how it illua 
air. What will porous bodies give out \u an. 
How will warm water be affected 1 
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the water will be forced up the vial again, and the 
lir will be reduced to its original bubble. If we place 
my porous substance, as a piece of brick, or a crust 
)f breaJ, in a tumbler, and fill the tumbler with water, 
attaching a small weight to the bread to keep it under) 
tre shall see, in like manner, an unexpected amount of 
tir extricated when we place it under the receiver, and 
■emove the atmospheric pressure from it, so as to pcr- 
nit it to assume the elastic state. Liquids boil at a 
nuch lower temperature than usual, when the pressure 
»f the atmosphere is removed from them. Thus, if 
re take a tumbler half full of water, no more than 
riood-warm, set it under the receiver, and exhaust the 
tir, it will boil violently. 

99. Air is the medium of combustion, of respiration, 
ind of sound. If we place a lighted candle under the 
eceiver of an air-pump, and exhaust the air, the light 
nil immediately go out, showing that bodies cannot 
»urn without the presence of air. Nor without this 
an animals breathe. A small bird placed beneath 
he receiver, will cease to breathe as soon as the air is 
exhausted. If a bell, also, is made to ring under a 
•eceiver, the sound will grow fainter and fainter as 
he air is withdrawn, and finally be scarcely heard at 
ill. The buoyancy of air, like that of water, enables 
tto support light bodies. In a vacuum, the heaviest 
uid lightest bodies descend to the earth with the same 
relocity. If we suspend a guinea and a feather trom 
he top of a tall receiver, exhaust the air, and let them 
all at the same instant, the feather will keep pace with 
he guinea, and reach the plate of the pump at the 
same instant. 

100. The Condenser. — A piston and cylinder may 
)c so contrived as to pump air into a vessel mstewl c£ 

% FaiJ 1 ?* we 5 / l°^ that air ia essential to caafow&o*\ . ^ 
re i Also to sound 1 Describe the guineauid fetifaR WW*** 
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Fig. 51. 
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pumping it out. Figure 51 represents a c 
syringe, screwed to a box partly filled w 
When the piston is drawn up to the top, a bo 
fice B in the side, the air 
E, which on depressing the 
driven forward into the bo 
a valve, V, which opens ir 
closes outward, and prevei 
turn of the air. By repea 
of the piston, more and n 
forced into the box, cons 
creasing the pressure on tl 
of the water. D is a tub 
and closing by a stop-cock, 
lower end in the water. 
air is strongly condensed, c 
the stop-cock, the water is 
the tube with violence. 5. 
Fountains are constructed oi 
ciple. A great quantity o 
acid, or fixed air, is fore 
strong metallic vessel, coi 
solution of soda, and therefi 
jected to a powerful pressure. A tube cor 
vessel to the counter where the liquor is to 
which issues with violence, as soon as vent 
it, and foams, in consequence of the carl 
expanding by the removal of the pressure b 
had been confined. The condenser employ 
purpose, is called a forcing pu7np, and differ 
condensing syringe, represented in figure 51. 
being worked by a lever attached to the piste 
of the naked hand. 
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upon any required point, sending the water in a on 
tinual stream. The stream might indeed be propel, 
led directly by the action of the pistons, without the 
intervention of the compressed air in M ; but in that 
case it would go by jerks ; whereas, the elasticity of 
the confined air acts as a uniform force, and makei 
the water flow out in a continual stream. Air-spring, 
acting on the same principle, are sometimes attached 
to coaches, and are said to operate well. Beds have 
been filled by inflating them with air instead of feath- 
ers, and have the advantage of being always made up, 

Sec 2. Of Steam and its Properties. 

102. Steam, or the elastic fluid which is produced 
by heating water, owes its mechanical efficacy to its 
power of suddenly acquiring by heat a powerful elas- 
ticity, and then losing it as suddenly, by cold ; in 
the former case, expanding rapidly, and expelling 
every thing else from the space it occupies ; and, in 
the latter case, shrinking instantly to its original di- 
mensions in the state of water, and thus forming a va- 
cuum. By this means, an alternate motion is given 
to a piston, which being communicated to machinery, 
supplies a force capable of performing every sort of 
labor, and being easily endued with any required de- 
gree of energy, is at once the most efficient and the 
most manageable of all the forces of nature. Thus, 
if steam be admitted below the piston, in figure 58. 
when its force accumulates sufficiently to overcome 
the resistance of the piston, it raises it ; and if it ther 
be let in above the piston, it depresses it. When thi 
piston rises, it may be made to turn, a crank half 
round, and the other ha\£ w\\etv \\. ft>\a, %xA ^fcwa, 



102. To what two properties doe* sv**m °^\ v^A ^W 
cmeyt To what is trie motion ^.^Sw^ 
erred to machinery 1 Show how the ?*&<>* i»i*»n.»n. 
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main wheel may be made to revolve, from which mo- 
tion may be conveyed to all sorts of machinery. The 
degree of force which steam exerts, depends on the 
temperature and density conjointly. If we put a 
spoonful of water into a convenient vessel, as an oil- 
flask, and place it over the fire, the water will soon 
be turned into elastic vapor, which will drive out the 
air and fill the entire capacity of the vessel. As soon 
as this takes place, we cork the flask and again set it 
over the fire. The steam will increase in elastic 
power, just as that of air would do, which is only at 
a moderate rate, and it might be heated red hot with- 
out exerting any violent force. If we now unstop the 
flask and fill it one third full of water, and again place 
it on the fire, and stop it close when it is boiling free- 
ly, then successive portions of water will be constant- 
ly passing into vapor, and, of course, the steam in 
the upper part of the vessel will be constantly growing 
more and more dense. It is important to remember, 
therefore, that when steam is heated by itself, and 
not in contact with water, its elasticity increases 
slowly, and never becomes very great ; but when it 
is heated in a close vessel containing water, which 
makes to it constant additions of vapor, thus increas- 
ing its density, it rapidly acquires elastic force, and 
the faster the longer the heat is continued, so as 
shortly to reach an energy which nothing can resist. 
Such an accumulation of force sometimes takes place 
by accident in a steam boiler, and produces, as is 
well known, terrible explosions. 

103. If the foregoing principles are well under- 
stood, it will be easy to learn the construction and 
operation of the Steam Engine. For the sake of sim- 
plicity, we will leave out numerous appendages which 

Upon what doee the degree of force depends T&x^Yimwfc'wVBfc 
AMt ofeteam with and without water. 
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usually accompany this apparatus, I 
tial to the main principle. In figure 

Kg. 53. 




the boiler, C the cylinder, in which th 
I j the condenser ', and M the air-pump 
pipe, branching into two arms, 
speetively with tlie top and bottom oi 
K is the eduction-pipe , formed of 1 
which proceed from the top and bo 
dor on the other side, and commui 
cylinder and the condenser, which 
well or cistern of cold water. Ea 
pipe has its own valve, as F, G, P f 
opened or closed as occasion requiri 
valve, closed by a plate, which ii 
vtei^ht attached to a lever, and s 
to I'tH'tvuse or diminish the force 
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usually accompany this apparatus, but are not ea 
tial to the main principle. In figure 53, A reprec 
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the boiler, C the cylinder, in which the piston H mc 
L the condenser, and M the air-pump. B is the sU 
pipe, branching into two arms, communicating 
spectively with the top and bottom of the cylinder, 
K is the eduction-pipe, formed of the two bran< 
which proceed from the top and bottom of the c] 
der on the other side, and communicate between 
cylinder and the condenser, which is immersed : 
well or cistern of cold water. Each branch of 
pipe has its own valve, as F, G, P, Q, which ma; 
opened or closed as occasion requires. R is a sa 
valve, closed by a plate, which is held down I 
weight attached to a lever, and sliding on it, s< 
to increase or diminish the fares «X pleasure. M 



103. Describe Figure 53 
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le force of the steam exceeds this, it will lift the 
alve and escape, thus preventing the danger of explo- 
ion. 

104. Suppose, first, that all the valves are open, and 
hat steam is issuing freely from the boiler. It is easy 
o see, that the steam would circulate freely through 
ill parts of the engine, expelling the air, which would 
scape through the valve in the piston of the air-pump, 
tnd thus the interior spaces would be all filled with 
•team. This process is called blowing of; it is heard 
rtien a steamboat is about leaving the wharf. Next 
he valves, F and Q, are closed, G and P remaining 
ipen. The steam now pressing on the cylinder, forces 
(down, and the instant when it begins to descend, the 
top-cock O is opened, through which cold water meets 
ie steam aa it rushes from the cylinder and condenses 
, leaving no force below the piston to oppose its descent. 
astly, G and P being closed, P and Q are opened, the 
earn flows in from the boiler below the piston, and 
ishea from above into the condenser, by which means 
e piston is forced up again with the same power as 
tat by which it descended. Meanwhile, the air-pump 

playing, and removing the water and air from the 
nidenser, and pouring the water into a reservoir, 
hence it is conveyed to the boiler to renew the same 
ircuit. 

105. In High Pressure engines, the steam is not 
ondensed, but discharges itself directly into the atmo- 
;>here. The puffing heard in locomotives, arises from 
lis cause. High pressure engines are those in which 
team of great density, and high elastic power, is used. 
>y this means, a more concentrated force is produced, 
nd the engine may be smaller and more compact; 

KM Show how the engine is set a going, and kept at work. 
106. "What becomes of the steam in high pressure eiu^uesX^VvfcRA 
m the puffing heard in locomotives *\ V/W. ai* Yv\^cv \k*«ks«. 
Wi T what are their advantages over \ovi picwwre *\\!©fcfc&^ 
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but unless it is made proportionally stronger, it ii 
liable to explode, and when it gives way it es 
with great violence. 



CHAPTER V. 
METEOROLOGY. 

GENERAL OBJECTS OF THE SCIENCE — EXTENT, DENSITY, AN 
FERATURE OF THE ATMOSPHERE — ITS RELATIONS TO W 
RELATIONS TO HEAT — RELATIONS TO FIERY METEORS. 

106. Meteorology is that branch of Nahtra 
losophy which treats of the Atmosphere. In 
matics, we learn the properties of elastic flu 
general, on a small scale, and by experiment 
than by observation ; but in Meteorology, we < 
our views to one of the great departments of r 
and we reason, from the known properties of a 
vapor, upon the phenomena and laws of the 
body of the air, or the atmosphere. Meteorolog) 
us to consider, first, the description of the atmo 
itself, including its extent, condition at difFerent hi 
and the several elements that compose it ; sec 
the relations of the atmosphere to water, inc 
the manner in which vapor is raised into the 
sphere, the mode in which it exists there, ai 
various ways in which it is precipitated in the 
of dew, fog, clouds, rain, snow, and hail ; third! 
relations of the atmosphere to heat, embracir 
motions of the atmosphere as exhibited on a 
scale, in artificial draughts and ventilation ; a 
a large scale, in winds, hurricanes, and torna 



106. De/ine Meteorology. Hovi d\s\\t\£\v\s\\e& foo\£v"£w 
What diS'erent subjects docs Meleoioto^j \e«A\>& u> <»*** 
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finally, in the relations of the atmosphere to fiery me- 
tears, as thunder and lightning, aurora borealis, and 
shooting stars. 

Sec. 1. Of the Extent, Density, and Temperature of 
(he Atmosphere. 

107. The atmosphere is a thin transparent veil, 
enveloping the earth, and extending to an uncertain 
height, but probably not less than one hundred miles 
I above it. Since air is elastic, and the lower portions 
next to the earth sustain the weight of the whole body 
of air above them, they are compressed by the load, as 
air would be under any other weight. As we ascend 
\ above the earth, the air grows thinner and thinner very 
fat, so that if we could rise to the height of seven 
miles in a balloon, we should find the air four times 
it rare there as at the surface of the earth. The air 
a, indeed, much more rare on the tops of high moun- 
tains than at the level of the sea ; and at a height 
much greater than that of the highest mountains on 
the globe, man could not breathe, nor birds fly. The 
Upper regions of the atmosphere are also very cold. 
As we ascend high mountains, even in the torrid zone, 
the cold increases, until we finally reach a point where 
water freezes. This is called the term of congelation. 
At the equator, it is about three miles high ; but in 
the latitude of 40, it is less than two miles, and in the 
latitude of 80, it is only one hundred and twenty feet 
Ugh. Above the term of congelation, the cold con- 
tinues to increase till it becomes exceedingly intense. 
The clouds generally float below the term of con- 
gelation. Mountains, when very high, are usually 
covered with snow all the year round, even in the 

107. Give a genera J description of the atmowpVvex«,^\o\\&>RRV^{L 
-demity &t different heights— cold of ihe uopeT tewvte.^Wvv&^tofc 
tern of congelation 1 How high at the equaloi ^ MW*sAW\ 
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warmest countries, merely because they are above tk 
boundary. 

Sec. 2. Of the Relations of the Atmosphere \ 
Water. 

108. Besides common air, the atmosphere alwaj 
contains more or less watery vapor, a minute portion < 
fixed air, or carbonic acid, and various exhalation 
which are generally too subtile to be collected ia 
separate state. By the heat of the sun, the waters c 
the surface of the earth are daily sending into tl 
atmosphere vast quantities of watery vapor, which ris 
not only from seas and lakes, but even from the Ian 
wherever there is any moisture. The vapor tbi 
raised, either mixes with the air and remains invisibl 
or it rises to the higher and colder regions, and 
condensed into clouds. Sometimes accidental cans 
operate to cool it near the surface of the earth, ai 
then it forms fogs. It returns to the earth in the fori) 
of dew, and rain, and snow, and hail. 

109. Dew does not fall from the sky, but is deposit* 
from the air on cold surfaces, just as the film of moistui 
is, which we observe on a tumbler of cold water in 
sultry day. Here, the air coming in contact wil 
a surface colder than itself, has a portion of ti 
invisible vapor contained in it condensed into watei 
In the same manner, on clear and still nights, whic 
are peculiarly favorable to the formation of den 
the ground becomes colder than the air, and th 
latter circulating over it, deposits on it and on a! 
things near it, a portion of its moisture. Dew doe 
not form on all substances alike that are equally eJ 

108. What other elastic fluids besides air does the atmosphere coc 
tain ? Whence is the watery vapor derived 1 What becomes of' it 
109. II ow is dew formed 1 Boeadevj ^otmtktv^^i^Wsic.^^ke 
What receive the most % "Whal icceiNe no\»\ 
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posed to it. Some substances on fne surface of the 
earth are found to grow colder than others, and these 
receive the greatest deposit of dew. Deep water, as 
that of the ocean, does not grow at all colder in a 
single night, and therefore receives no dew ; and the 
naked skins of animals, being warmer than the air, 
receive none; although the moisture which is con- 
stantly exhaled from the animal system itself, as soon 
as it comes into contact with the colder air that sur- 
rounds the person, may be condensed, and moisten the 
akin or the clothes in such a way as to give the appear- 
ance of dew. In this manner, also, frost (which is 
nothing more than frozen dew) collects, in cold weather, 

] on the bodies of domestic animals. By a beautiful 

1 * provision of Providence, dew is always guided with a 
frugal hand to those objects winch are most benefited 
by it. Green vegetables receive much more than na- 

'' ked sand equally exposed, and none is squandered on 

; the ocean. 

110. Rain is formed in the atmosphere at some 
distance above the earth, where warm air becomes 
cooled. If it is only cooled a few degrees, the moist- 

* lire may merely be condensed into cloud ; but if the 
cooling is greater, rain ma) result ; and when a hot 

I portion of air, containing, as such air does, a great 
quantity of watery vapor in the invisible state, is 
suddenly cooled by any cause, the rain is more abun- 

* dant, or even violent. In such cases, it may have 
! * been cooled by meeting with a portion of colder air, 
*> is when a warm southwesterly wind meets a cold 
J northwester, or by rising into the upper regions nea» 
'^ the term of congelation. In some parts of the earth, 
'** is in Egypt, and in a part of Chili and Peru, it sel- 
^t dom or never rains, for there the winds usually blow 



. W. Where is rain formed, and how 1 WheniBlYitv**^^*^®*' 

m the form of cloud I When of rain 1 When \a t!ne x*kn. n V&tA ^ ^ 
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steadily in one direction, and encounter none 
mixtures with colder air which form rain, 
other countries, as the northeastern part ol 
America, the rains are excessive ; and in ot 
most tropical countries, the rains are periodica 
very copious at particular periods called th 
seasons, while little or none falls during the oth 
of the year. 

111. Snow is formed from vapor cry stall 
cold instead of uniting in drops. By this me 
converted into a light downy substance, whi 
gently upon the earth, and forms a covering tl 
fines the heat of the earth, and furnishes an ad 
defence of the vegetable kingdom, during winte 
yere climates. In cold climates, flakes of snov 
of regular crystals, presenting many curious 
which, when closely inspected, appear very be 
Nearly a hundred distinct forms of these crysti 
been particularly described by voyagers in tr 
seas, specimens of which, as they appear ur 
magnifier, are exhibited in the following diagra 

Fig. 54. 




When a body of hot air becomes sudden 
Intensely cooled, the watery vapor is froz< 
forms hail. The most violent hailstorms are 
by whirlwinds, which carry up bodies of hot 
beyond the term of congelation, where the d 

I what different ways is the hot air cooled 1 Where does it ne 

Why ? Where are the rains excessive 1 Where periodic! 

111. Snow t how formed 1 "What v^r^oafc tasa vi wrve 1 

manner does it crystallize, and in how maxyj &\Ketvcft.torcM 

igkwl formed 1 How arc the mofil YvoYwaV^afotroa Wn 
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rain are frozen into hailstones, and these being sus- 
tained for some time by the upward force of the whirl- 
wind, accumulate occasionally to a very large size. 
Hailstorms are chiefly confined to the temperate zones, 
and seldom occur either in the torrid or the frigid 
tone. In the equatorial regions, the term of congela- 
tion is so high, that the hot air of the surface, if raised 
by a whirlwind, would seldom rise beyond it ; and in 
the polar regions, the air does not become so hot as is 
required to form a hailstorm. 

Sec. 3. Of the Relations of the Atmosphere to Heat. 

112. It is chiefly by the agency of heat, that air is 
put in motion. If a portion of air is boated more than 
the surrounding portions, it becomes lighter, rises, and 
the surrounding air flows in to restore the equilibrium ; 
or if one part be cooled more than another, it contracts 
in volume, becomes heavier, and flows off on all sides 
until the equilibrium is restored. Thus the air is set 
in motion by every change of temperature ; and as 
such changes are constantly taking place, in greater 
or less degrees, the atmosphere is seldom at rest at 
any one place, and never throughout any great extent. 
The most familiar example we have of the effects of 
heat in setting air in motion, is in the draught of a 
chimney. When we kindle a fire in a fireplace, or 
stove, it rarefies the air of the chimney, and the denser 
air from without rushes in to supply the equilibrium, 
carrying the smoke along with it. Smoke, when 
cooled, is heavier than air, and tends to descend, and does 
descend unless borne up by a current of heated air. A 

do hailstones acquire so large a size ? To what regions are hailstorms 
flhiefly confined 1 Why do they not occur in me VoxrvA, wASxv©^. 

m By what agent is air put in motion *\ "Dewsrto* \\vt \sw**m 
towja the drdught of a chimney caused! W\\} &oe*«moVfc*s*«» 
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hot current of air in a chimney is cooled much n 
rapidly when the materials of the chimney are d 
than when they are dry, and therefore it will cool m 
faster in a wet than in a dry atmosphere. He 
chimneys are apt to smoke in wet weather. It i< 
sential to a good draught, that the inside of a ehim 
should be smooth, for air meets with great resists 
in passing over rough surfaces. Burning a chirr 
improves the draught, principally by lessening the : 
tion occasioned by the soot. In stove a for burning 
thraeite coal, it is important to the draught, that nc 
should get into the chimney except what goes thra 
the fire. On account of the great resistance whi< 
thick mass of anthracite opposes to air, this wil3 
work its way through the coal it 1 it can get into 
chimney by any easier route. Hence the pipes wl 
conduct the heated air from a stove to the chimi 
should be close, especially the joint where the pipe 
ters the chimney j and care should be taken, that tl 
should be no open fireplace, or other means of com 
nication, between the external air and the flue | 
which the stove is connected. 

113. It is important to health, that the apartn 
of a dwelling-house should be well ventilated* T * 
especially the case with crowded rooms, such 
churches and school houses. Of the method of \% 
lating churches, a beautiful specimen is afforded ia 
Centre church, in New Haven. In the middle cf 
ceiling, over the body of the church, is an op^i 
through the plastering, which presents to the eye net! 
but a large circular ornament in stucco. Over 1 
in the garret of the building, a circular end as 
of wood is constructed, on the top of which is} ai 

* Why do chimneys smoke in wet weather 1 Why should a chin 
be smooth 1 Way -does burning a chVo&ney Vc&\?iwie. <aa <i\%a 
What precaution* are necessary ifi\»ita«^M^uu\t <*y*^Y& 
to secure t good draught^ 
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large wooden chimney, leading off, at a small rise, to 
the end of the building, where it enters the steeple. 
An upper window of the steeple being open, in warm 
weather, the current sets upward from the church into 
the chimney, and thence into the tower, and completely 
ventilates the apartment below. A door, so hung as 
to be easily raised or lowered by a string, leading to 
a convenient place at the entrance of the 6hurch, can 
be opened or closed at pleasure. In cold weather, it 
will generally be found expedient to keep it c osed, 
to cut off cold air, opening it only occasionally. A 
Bchoolhouse may easily be ventilated by a similar con- 
trivance connected with a belfry over the center, as is 
done in several schoolhouscs recently built in New 
England. 

114. Nature, however, produces movements of the 
atmosphere on a far grander scale, in the form of 
Winds, These are exhibited in the various forms of 
breezes, high winds, hurricanes, gales, and tornadoes ; 
varieties depending chiefly on the different velocities 
with which the wind blows. A velocity of twelve 
miles an hour makes a strong breeze ; sixty miles, a 
high wind, one hundred miles, a hurricane. In some 
extreme cases, the velocity has been estimated as high 
as three hundred miles an hour. The force of the 
wind is proportioned to the square of the velocity ; a 
speed ten times as great increases the force a hundred 
times. Hence, the power of violent gales is irresist- 
ible. Air, when set in motion, either on a small or 
on a great scale, has a strong tendency to a whirl- 
ing motion, and seldom moves forward in a straiglit 
line. The great gales of the ocean, and the small 

118. Ventilation, in what cases is it impoxlMrtA Wow «$sfc\ftV\& 
torches— how in echooJhouses 1 . .^.j 

114. Specify i the i different varieties of vrinda. Stated n*WCJ5» 
SZriZTwf h ? h WIDd — of a hurricane. How Yrite torn *f£S 
portioned to the Velocity 1 Tendency ol wx tww^to**** 
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tornadoes of the land, often, if not always, exhibit 
more or less of a rotary motion, and sometimes appeu 
to spin like a top around a perpendicular axis, at tht 
same time that they advance forward in some greit 
circuit. 

115. Meteorological Instruments. — The prin. 
cipal ot these are the Thermometer, the Barometer, 
and the Rain Gage. The principle, construction, and 
uses of the Barometer, have already been pointed out, 
(Arts. 96 and 97.) Since it informs us of the changes 
that take place in the weight and pressure of the at- 
mosphere, at any given place, on which depend most 
of the changes of weather, it becomes of great aid in 
the study of Meteorology, and has, in fact, led to the 
knowledge of most of the laws of atmospheric pne- 
nomena hitherto established. We should, in pur- 
chasing, be careful to select an instrument of good 
workmanship, for no other is worthy of confidence. 
We should suspend it in some place where there is a 
free circulation of air — as in an open hall, having an 
outside door — and we should take the exact height of 
the mercury at the times directed below for recording 
the thermometrical observations. In case the barome- 
ter is falling or rising with unusual rapidity, ohserva* 
tions should be recorded every hour, or even oftener, 
as such observations afford valuable means of com- 
parison of Ihe states of the atmosphere at drflerent 
places. VC- 

116. ThiTThermometer is an instrument n*?d for 
measuring variations of temperature by its effects on 
the height of a column of fluid. As heat expands and 
cold contracts all bodies, the amount of expansion or 
contraction in any given case, is made a criterion of 

115. What are the three leading me\eoT©\o%\<M\ VoaftraGNafe 
Great value of the barometer Ku\ea fox «e\e<ftmt *Y»s«h«&« < 

nt^rw'hatmthelhermom^xyx^'K NA»x*«*%*»* 
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the change of temperature. Fahrenheit's thermome- 
ter, the one in common use, consists of a small glass 
tube, called the stem, with a bulb at one end, and a 
wale at the side. The bulb and a certain part of the 
stem are filled with mercury. The scale is divided 
into degrees and aliquot parts of a degree. If we dip 
the thermometer into boiling water, the mercury will 
expand and rise in the stem to a certain height, and 
there remain stationary. We will, therefore, mark 
that point on the stem, and then transfer the thermome- 
ter to a vessel where water is freezing. The mercury 
now descends to a certain level, and remains there sta- 
tionary, as before. We mark this point, and we thus 
obtain the two most important fixed points on the scale, 
lamely, the freezing and boiling points of water. We 
■rill now apply the scale, and transfer these marks from 
he stem to the scale, and divide the part of the scale 
between them into 180 equal parts, continuing the same 
iivisions below the freezing point 32 degrees, where 
are make the zero point, and there begin the graduation 
From to 32, the freezing point, and so on 180 degrees 
more, to 212, the boiling point. 

The best times for making and recording observa- 
ions, are when the mercury is lowest, which occun 
ibout sunrise, and when it is highest, which is near 
:wo o'clock in winter, and three in summer. The sum 
>f these observations, divided by two, gives the aver. 
ige, or mean, for the twenty-four hours ; the sum of 
Jie daily means for the days of a month, gives the mean 
for that month ; and the monthly averages, divided by 
welve, give the annual mean. By such ohservations, 
my one may determine the temperature of the place 

(rhere he resides. 

■== 

rf temperature 1 Describe Fahrenheit's thermometer. Howdowc 

ucertam the boihog&nd freezing points of vmei\ \\A» Ww\ftaa*l 

tepees is the space between them divided 1 \JYvw Sa'fofc ta* 

oui, and at what degrees are the freeimfeWvd^^iV * 88 * 

aw to find the daily, monthly, and hummY mw»*\ 
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.417. The climate tf the United States h 
liable, and the annual range of the them 
greater than in most other countries. It 
140** extending from 40° below zero, (usual! 
—40°,) to 100° above. In the southern pa 
England, the mercury seldom rises above 90 
stands but a few times in die winter below ze 
30P to 60° is a moderate summer heat. All 
equatorial regions of the earth are, in gene 
than places .either north Or south, yet we ! 
that the temperature of a place depends c 
other circumstances, as well as on the latitud 
£ft and 107.) 
_ 118. The Ram Gage is an i 

, Fig. 55 . employed for ascertaining the a 
water that falls from the sky, in t 
forms of rain, snow, and hail. 
plest form is a tall tin cylinder, i 
nel-shaped top, having a gradu 
tube communicating with the b 
rising on the side. The water 
, at. the same level in the tube and 
1 Under, and the divisions of the 
' be such as to indicate minute p 
inch, and thus determine the depth of rain th 
the area of the funnel, suppose a square fo 
the rain is over, the water may be removed 
of the stop-cock, and the apparatus will be 
a new observation. It is useful to know tl 
of rain that falls annually at any given plac 
in reference to a knowledge of the climat 
for many practical purposes to which water 

117. What is said of the climate of the United Su 
is the annual range of the thermometer 1 In New Eng 
ike nag e ? What is a moderate summer heat 1 
118. What is the Rain Gage % ^pWmtat&io^e* 
to find the amount of rain fallen "\ Vftxy Kwvffifctvf 
**nount of rain that falls'! 




) 
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mch as feeding canals, turning machinery, or irriga* 
tmg land. 

Sec. 4. Of the Relations of the Atmosphere to Fiery 
Meteors. 

110. The luminous phenomena which go under the 
general name of " fiery meteors," are Thunder Storms, 
Aurora Boreal is, and Shooting Stars. Sudden and 
violent showers of rain, in hot weather, are usually 
accompanied by thunder and lightning. The lignt- 
ning is owing to the sudden discharge of electricity, 
and the thunder is ascribed to the rushing together of 
the opposite portions of air, that are divided by the 
passage of the electric current. The snapping of a 
whip depends on the same principle as a clap of thun- 
der. The lash divides the air, and the forcible meet- 
ing of the opposite parts to restore the equilibrium, 
produces the sound. Whenever hot vapor is rapidly 
condensed, a great amount of electricity ia extricated. 
This accumulates in the cloud, until it acquires force 
enough to leap from that to some other cloud, or to the 
earth, or to some object near it, and thus ;.ie explo- 
sion takes place. 

120. The Aurora Borealis, or Northern Lights, are 
most remarkable in the polar regions, and are seldom 
or never seen in the torrid zone. They sometimes 
present merely the appearance of a twilight in the 
north; sometimes they shoot up in streamers, or ex- 
hibit a flickering light, called Merry Dancers ; some- 
times they span the sky with luminous arches, or 
bands ; and more rarely they form a circle with stream- 

119. What are the three varieties of fiery meteors 1 How is 
lightning produced 1 To what is thunder ascribed 1 How exnlus*> 
ed by the snapping of a whip 1 Origin ol* ita ^tacXraafc) <& ^tosss?- 
ixgorma 1 When does an explosion take i>taSe'\ 
UD. Auron Borealis, where mottteinuktfta'V ^waSH^** 1 
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em radiating on all sides of it, a little southeast 
zenith, called the corona. The aurora borealif 
equally prevalent in all ages, but has particular 
of visitation, after intervals of many years, 
more prevalent in the autumnal months than th 
parts of the year, and usually is most striking 
earlier parts of the night, frequently kindling i 
great splendor about 11 o'clock. From 1927 tc 
inclusive, was a remarkable period of auroras, 
cause of this phenomenon is not known ; it ha 
erroneously ascribed to electricity, or magnetisi 
it is probably derived from matter found in th< 
etary spaces, with which the earth falls in whi 
revolving around the sun. 

121. Shooting Stars are fire-balls which fa! 
the sky, appearing suddenly, moving with pro 
velocity, and as suddenly disappearing, son 
leaving after them a long train of light. Th 
occasionally observed in great numbers, formin 
are called Meteoric Showers. Two periods of tl 
are particularly remarkable for these displays, b 
the 9th or 10th of August, and the 13th or 
November. The most celebrated of these s 
occurred on the morning of the 13th of No^ 
1833, when meteors of various sizes and « 
of splendor, descended with such frequency 
give the impression that the stars were all 
from the firmament. The exhibition was 
equally brilliant in all parts of North Americ 
lasted from about 11 o'clock in the evening till s 
This phenomenon began to appear in some p 
the world, as early as November, 1830, and in< 



era! varieties. Is it equally pre'vaVexiX m d\ ^efc'V ^\\»\ 

maskable period 1 Is its cause knoraml ^o *iY«l\.Yw* 

etibed 1 In what part of the year "\a \l rcw^fceo^fcv^ 

121. What are shooting tiara 1 WY»X wo J*™*** 

t*BUukable for their occurrence n WVieu dA *» W» 
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in splendor at the same period of the year, every year, 
until 1833, when it reached its greatest height. It 
was repeated on a smaller scale, every year, until 
1836, since which time nothing remarkable i.us been 
observed at this period. The meteoric showi-r of 
August still (1843) continues. Meteoric showers ap- 
pear to rise from portions of a body resembling a 
comet, which revolves about the sun, and sometimes 
oomes so near the earth that portions of it are attracted 
opwn to the earth, and are set on fire as they pass 
through the atmosphere. 



CHAPTER VI. 
ACOUSTICS. 

TQRATORY MOTION — VELOCITY OF SOUND — RE FLEX TOT J OF BOUND— 
MUSICAL SOUNDS — ACOUSTIC TUBES — BTETHMCCI'K. 

122. Acoustics (a term derived from a Greek word 
which signifies to hear) is that branch of Natural Phi- 
kuophy which treats of Sound. Sound is produced by 
the vibrations of the particles of a so Hiding body. 
These vibrations are communicated to tie air, and 
by that to the ear, which is furnished vfcn a curious 
apparatus specially adapted to receive them and con- 
vey them to the brain, and thus is excited the sen- 
sation of hearing. Vibration consist in a motion 
of the particles of a body, backward and forward, 
through an exceedingly minute space. The particles 
of air in contact with the body, receive a correspond- 
ing motion, each particle impels one before it, and re- 

shower occur 1 Describe this shower. Whence do meteouc «&<«*• 
en hriec ? 

122. Define Acoustics. How is sound produced \^^\v^W 
rbntioa* coast f Does it imply a program moXuraA ^W* 
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bounds, and thus the motion is propagated from pari* 
cle to particle, from the sounding oody to the ear 
Such a vibratory motion of the medium, does not im- 
ply any current or progressive motion in the medium 
itself, but each particle recovers its original situation 
when the impulse that produced its vibration ceases. 
Elastic bodies being most susceptible of this vibratory 
motion, are those which are usually concerned in the 
production of sound. Such are thin pieces of board, 
as in the violin ; a steel spring, as in the Jewsharp; a 
glass vessel, and cords closely stretched ; or a column 
of confined air, as in wind instruments. If we stretch 
a fine string between two fixed points, and draw it out 
of a straight line to A, and then let it go, it will pro- 
ceed to nearly the same distance on the other side, to 




E. whence it will return to B, and thus continue * 
vibrate through smaller and smaller spaces, until it 
comes to a state of rest. When we throw a stone 
upon a smooth surface of water, a circle is raised im- 
mediately around the stone ; that raises another circle 
next to it, and this another beyond it, and thus the 
original impulse is transmitted on every side. This 
example may give some idea of the manner in which 
sound is propagated through the air in all directions 

fivm the sounding body. 

j ■■> ■ ■ ■ ■■ — « 

ties are most «u*cepiibje of vibration 1 Gfae «w&\j^ Tj**«* 
iff. S6. What takes P W *Hm * *■*« « ***•* «* ^*"* x 
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123. Although air is the usual medium of sound, 
yet it is not the only medium. Solids and liquids, 
when they form a direct communication betwe :ii the 
sounding body and the ear, conduct sound fa; better 
than air. When a tea-kettle is near boiling, if we 
apply one end of an iron poker to the kettle, and put 
the other end to the ear, we may perceive when the 
water begins to boil, long before it gives the usual signs 
If we attach a string to the head of a fire-shovel, and 
winding the ends around the fore fingers of both hands 
apply them to the ears, and then ding the shovel 
against an andiron, or any similar object, a sound will 
be heard like that of a heavy bell. The ticking of i 
watch may be heard at the remote end of a long pole ; 
or beam, when the ear is applied to the other end ; 
and if the watch is let down into water, its beats are 
distinctly heard by an ear placed at the surface. A 
bell struck beneath the water of a lake, has beer, 
heard at the distance of nine miles. Air is a bettei 
conductor of sound when moist than when dry. Thus., 
we hear a distant bell or a waterfall with unusual 
distinctness just before a rain, and better by night than 
by 'lay. Air conducts sound better when condensed, 
and worse when rarefied. On the tops of some of the 
high mountains of the Alps, where the air is much 
rarefied, the sound of a pistol is like that of a pop-gun. 

124. The velocity of sound in air is 1130 feet in a 
second, or a little more than a mile in five seconds. 
On this principle, we may estimate the distance of a 
thunder-cloud, by the interval between the flash and 
the report. For example, an interval of five seconds, 
gives 1130x5=5650 feet, or a little more than a mile. 
A. feeble sound moves just as fast as a loud one. Its 
» — 

123. Is air the only medium of sound 1 Conducting power ot 
solids and liquids 1 Experiment with a lea-VLelt\fe— m^^to^s*^ 
— with a watch. Condu cti ng power oil mo\sl bai V-£K \««&fcfc. *» 
12i. Velocity of Bound. How to estimate Vufc to^tvcfcv&^'to®^ 
11 
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velocity is not altered by m Kgh wfedita>4Bteo*Btrt 
right angles tot** oome of theiwtaftl ^bt* ifl tt| 
same directiotti fhc^omwt^v^ly *T»ttnFA<x^rf« 
wind is to be added* cod in tiw t>ppWte A#Jt^^» 
subtracted. In water, the *elomtjr *f 4b*nd fe *!*£ 
fear time* a*tgmtt as 'In ftir^b«ing 4^00 feet ^ % 
seooad ; and in east iron ita tekettr tt itftfoethttn 1 
tkaaa as great <as m »ir, being j» k» than 11*9*5 f 
f*r second; ■■■ » ■ '■■ '■ *■-■'■ *•■'' ■■» :•■■'■■'■■ • ■■ " 

295, Sound konptMd of beiftf ^tfldterf, add iaj 
sometime* teturtwsd tothewr; formifcg ao etho: 
the sound of tim-fewBitti *oioe-i* a nwnti i u eo ■ » 
to the speaker,' dr other pereods near Wrrvih a 
tkb usually som^^btl feeble* thaalhe*f«ini^o 
but it mty be loufor 0*an that, rf'ievelal w 
waves are unitedly eenreyed te the eW. * Wbetf 
stand* m the centre of a holkm sphere 'or : '" 
numerous waves being reflected Iran 'the <x 
surface so as to meet in the centre, a sound originallV 
feeble becomes so augmented as to be astounding. A 
cannon discharged among hills or mountains, reverbe- 
rates in consequence of the repeated reflexions of the 
sound. „•**" 

126. A sound" becomes musical when the vibration 
are performed with a certain degree of frequency* 
The slow flapping of the wings of a domestic fowl has 
nothing musical ; but the rapid vibration of the wiogi 
cf a humming-bird, produces a pleasant note. The 
slow falling of trees before a high wind, is attended 
with a disagreeable crash ; .the rapid prostration of the 
trees of a forest by a tornado, with a sublime roar. 
A string stretched between two points, and made to 

cloud ? Velocity of a ftebU sound— effect of a high wind ? Velocity 
of sound in water 1 

125. Echo, how produced— when louder than the original sound 1 
Effect of a dome—of a cannon autonc Kills t 
126. How a sound becomea mua\c*\ V-fc»Twc>\*» V&.^'wwanul 
' virde—in falling trees— in a VibrtUn* rtxvn%. \taw ta*& v&eum 
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vibrate very slowly, has nothing musical ; but when 
the tension is increased, and the vibrations quickened, 
the note grows melodious. The strings of a violin 
give different sounds in consequence of affording vibra- 
tions more or less rapid. The larger strings, having 
slower vibrations, afford graver notes. The screw* 
enable us to alter the degree of tension, and thus to 
increase or diminish the number of vibrations at plea- 
sure ; and by applying the fingers to the strings, we 
can shorten them more or less, producing sounds more 
or less acute, by increasing the number of vibrations 
in a given time. In wind instruments, as the flute, the 
vibrating body which produces the musical tone is the 
column of air included within. This, by the impulse 
given by the mouth, is made to vibrate with the requisite 
frequency, which is varied by opening or closing the 
stops with the fingers. The shorter the column, the 
more rapid is the vibration, and the more acute the 
sound ; and the length of the vibrating column is 
determined by the place of the stop that is opened, the 
higher stops giving sharper sounds because the vibrating 
columns are shorter. The pipes of an organ sound on 
a similar principle, the wind being supplied by a bellows 
instead of the breath. In certain instruments, as the 
clarinet and hautboy, the vibrations are first commu- 
nicated from the lips of the performer to a reed, and 
from that to the column of air. 

127. Sounds differing from each other by certain 
intervals, constitute musical not^s. The singing of 
birds affords sweet sounds but no music, being uttered 
continuously and not at intervals. Man only, among 
animals 1 , has the power of uttering sounds in this man- 

the tension, the size, or the length of the string, afi'ect the pitch 1 
Example in the violin. What produces the musical tone in wind 
instruments 1 Why does opening or cloav&£ vtot tta^ *ta*\ ^o» 
pitch 1 Explain the use of a reed. 

12T. What Bounds constitute musical nole&\ ^Ytfj \fc wA ^»* 
Dg of birds mueic ? Why is man aVone ca^aXAe «& ^vnrwvebm** 
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ner ; and his voice alone, therefore, is endued with 
the power of music. Music becomes a branch if 
mathematical science, in consequence of the relation 
between musical notes, and the number of vibratwu 
that produce them respectively. Although we cannot 
say that one sound is larger than another, yet we con 
say that the vibrations necessary to produce one sound 
are twice or thrice, or any number of times, more 
frequent than those of another ; and the number of 
vibrations necessary to produce one note has a fixed 
ratio to the number which produces another note. 
Thus, if we diminish the length of a musical string one 
half, we double the number of vibrations in a given 
time, and it gives a sound eight notes higher in the 
scale than that given by the whole string, and is called 
an octave. Hence, these sounds are said to be to each 
other in the ratio of 2 to 1, because this is the ratio of 
the numbers of vibrations which produce them. A 
succession of single musical sounds constitutes melody; 
the combination of such sounds, at proper intervals} 
forms chords ; and a succession of chords, produces 
liarmony. Two notes formed by an equal number of 
vibrations in a given time, and of course giving the 
same sound, are said to be in unison. The relation 
between a note and its octave is, next after that of the 
unison, the most perfect in nature ; and when the two 
notes are sounded at the same time, they almost entirely 
unite. Chords are produced by frequent coincidences 
of vibration, while in discords such coincidences are 
more rare. Thus, in the unison, the vibrations are 
exactly coincident ; in the octave, the two coincide 
at the end of every vibration of the longer string, 
the shorter meanwhile performing just two vibra- 
t/ons; but in the second, tV\e V\Vn£\<m& <& n2»& Vro 



sounds 1 How does music become * ^S^ f *S^T s SS 
cienae 1 Example in a musical «ni« ^ 2aT^ST&5S? 
*rmony, unison. How are chorda produced ^ ovl * 
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strings coincide only after eight of one string and nine 
of the other, and the result is a harsh discord. 

128. When an impulse is given to air contained in 
an open tube, the vibrations coalesce, and are propa- 
gated farther than when similar impulses are made 
on the open air. Hence the increase of sound effect- 
ed by horns and trumpets, and especially by the speak- 
ing trumpet. Alexander the Great is said to have 
had a horn, by means of which he could give orders 
to his whole army at once. Acoustic Tubes are em- 
ployed for communicating between different parts of 
a large establishment, as a hotel, or manufactory, by 
the aid of which, whatever is spoken at one extremity is 
heard distinctly at the other, however remote. They 
are usually made of tin, being trumpet-shaped at eacn 
end. They act on the same principle as the speaking 
trumpet. The Stethoscope is an instrument used by 
physicians, to detect and examine diseases of the lungs 
and the heart. It consists of a small pipe of wood or 
ivory with funnel-shaped mouths, one of which is ap- 
plied firmly to the part affected and the other to the 
ear. By this means the processes that are going on 
in the organs of respiration, and in the large blood- 
vessels about the heart, may be distinctly heard. 

128. Explain the effect of horns and trumpets. Use of Acoustic 
Tabes. How madel Explain the construction and use of th* 
Stethoscope. 

u* 



CHAPTER VII. 
ELECTRICITY.* 

DEFINITIONS — CONDUCTORS AND NON-CONDUCTOR* — A». UOTNM 
AND REPUL8IONB — KLKCTRICAL MACHINES — LETDfX JAR — ELEC- 
TRICAL LIGHT AND HEAT — THUNDER STORMS — LIGHTNING RUM 
EFFECTS OF ELECTRICITY ON ANIMALS. 

129. More than two thousand years ago, Then- 
phrastus, a Greek naturalist, wrote of a substance we 
call amber, which, when rubbed, has the property of. 
attracting light bodies. The Greek name of amber 
was electron, (qXsxrfov,) whence the science was de- 
nominated electricity. The inconsiderable experi- 
ment mentioned by Theophrastus, was nearly all that 
the ancients knew of this mysterious agent , but for 
two or three centuries past, new properties have been 
successively discovered, and new modes of accumu- 
lating it devised, until it has become one of the most 
important and interesting departments of natural sci- 
ence. It is common to call this power, whatever it 
is, the electric fluid, although it is of too subtile a 
nature for us to show it, as we do air, and prove that 
it. possesses the properties of ordinary matter. But as 
it is more like an elastic fluid of extreme rarity, than 
like any thing else we are acquainted with, it is con- 
venient to denominate it a fluid, although we know very 
little of its nature. 

130. Some bodies permit the electric fluid to past 
freely through them, and are hence called conductors ; 
others hardly permit it to pass through them at all, and 



* The experiments In tills chapter are so simple, and require so Utile i . . 
ratus, that it is hoped the learner will generally have the advantage of wlt- 
neating them, which will odd much more than mere description to his im- 
provement and gratification. 

129. Explain the name electricity. V7\\*x A\&\Yv* M^«*>*V»*m 
of this science 1 Its progress within two \nindTe& >jescre\ v^i « 
electricity called a fluid 1 . ov _ _ MMCVt 5«* 

ISO. Define conductors aod non-conductoT*. Oyn* raxcv\i«* 
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are therefore called non-conductors. Metals re the 
best conductors ; next, water and all moist substances ; 
and next, the bodies of animals. Glass, resinous sub- 
stances, as amber, varnish, and sealing wax ; air, silk, 
wool, cotton, hair, and feathers, are non-conductors. 
Wood, stones, and earth, hold an intermediate place : 
they are bad conductors when dry, but much better 
when moist; and air itself has its non-conducting 
power greatly impaired by the presence of moisture. 
Electricity is excited by friction. If I rub the side of 
ft dry glass tumbler, or a lamp chimney, on my coat 
sleeve, the electricity excited will manifest itself by 
attracting such light substances as bits of paper, cot- 
ton, or down. A stick of sealing-wax, when rubbed, 
exhibits similar effects. When an electrified body is 
lupported by non-conductors so that its electricity can- 
not escape, it is said to be insulated. Thus, a lock of 
cotton suspended by a silk thread is insulated, because 
if electricity be imparted to the cotton, it remains, 
since it cannot make its escape either through the 
thread, or through the air, both being non-conductors. 
A brass ball supported by a pillar of glass is insulated ; 
hot when supported on a pillar of iron or any other 
metal, it is uninsulated, since the electricity does not 
remain in the ball, but readily makes its escape through 
the metallic support. By knowing how to avail our- 
lelves of the conducting properties of some substances, 
ftnd the non-conducting properties of other substances, 
we can either confine, or convey off the electric fluid 
at pleasure. 

131. There are a number of different classes of 
phenomena which electricity exhibits; as attraction 
ftnd repulsion — heat and light — shocks of the animal 
system — and mechanical violence. These will sue- 

•fdi. How is conducting power affected ty nvwstaHt\ \Nww *>& 
***ricity excited 1 When is a body '\asvx\aXe<i\ Q»yi* eiaos^it* 



fctoivily claim our tttaftk* ; frilaa tisepftf 
akfetriekywete- -first ttNiivBfod . tar 1 expttnasjtf 
b by «kpeflmMt^ 'ohieflgft tkaf tfcey Am-a* 
leaned. W* will ftari)Jto4t«0itbef §*t$ avi 
tftbsrittMtr mi dY«ry «w mty perfotm Int. 
and afterwards Moh a*riqab« th» aid of a** 
Motrin*. ' ; • v 

~1W. For a fcw*i«ptoe»erirtwnss, we wiU'j 
wire horizontally bet**e* tW«)Pl»pt* walls of 
avhetwaeQ any two ^onvaniaot podM% *• »f 
i* figare 67. This will aSbrtfa oqpTeqkpt 




for electroscopes, as those contrivances are calle 
are used for detecting the presence and exami 
properties of electricity. A downy feather, a 
cotton, or pith-balls,* are severally convenient 
ces for electroscopes. To one of these, say 
ball, we will tie a fine linen thread, about nin 
long, and suspend it from the wire, as at 
slightly wetting the thumb and finger and dm 

* The pith of elder, of com stalk, or of dry stalks of the artfch 
able for thli purpose. 

181. Whit different clones of phenomena does electric 
iff Use of experiments. 
182. Describe the apparatus in ¥\& 81 . R<?" k^.* vrf 
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lread through them, it becomes a good conductor, and 
le electroscope is therefore uninsulated. We will 
low take a thick glass tube and rub it with a piece of 
ilk, (or a dry silk handkerchief,) by which means the 
ube will be excited, and on approaching it towards 
;he electroscope, the pith-ball will be attracted towards 
it, as at b y and may be led in any direction by shifting 
the position of the tube ; or if the tube be brought 
nearer, the ball will stick fast to it. We will next 
suspend two other balls, c and d, by silk threads, in 
vrhich case they will be insulated. If we now ap- 
proach the excited tube, the balls will first be attracted 
to it, but as soon as they touch it, they will fly ofF, and 
the tube when again brought towards them will no 
longer attract but will repel them, and they will mu- 
tually repel each other as in the figure ; and if the 
lock of threads, e, be electrified, they will also repel 
each other. A stick of sealing-wax excited and ap- 
plied to the electroscopes will produce similar effects. 
But if we first electrify the ball with glass, and then 
bring near it the sealing-wax, previously excited, it will 
not repel the ball, as the excited tube does, but will first 
attract it as though it were unelectrified, and then re- 
pel it ; and now the excited glass tube will attract it. 
Hence it appears that the glass and the sealing-wax, 
when excited, produce opposite effects : what one at- 
tracts the other repels. Each repels its own, but 
attracts the opposite. Glass repels a body electrified 
by itself, but attracts a body electrified by sealing-wax ; 
and sealing-wax repels a body electrified by itself, but 
attracts a body electrified by glass. In the figure, h 
represents two balls differently electrified, one by glass 
and the other by sealing-wax, and therefore attracting 
each other. This fact has led to the conclusion, that 

Effect when applied to the uninsulated ball— to the insulated balla— to 

&e threads. Describe the effects when seaUlia-Vf &xS&\ffie&r- 'MtafetiB* 

mbMir ditierently eiectrified. What are the VN» o Wv&te <& vtetfttssS^ 



r fkfr frntfr ff ohdlffrift j «*ta£ttftl 
ibd a wwibefrofbedie* of (ho *atn* dHtffc«fti 
•ifrww electricity* and the altar waited W \ 
wax and other bodies e^ualljr Bametttos, ^f /tl 
«b» with it, called the return** electricity.* '1 
electricity k sotnetimea called jxutft*, *a& .1 
electricity ' nqgatfeg. 

188. The ft**gofag ottee* <rf electrical ifll 
*ftd repulsion* constitute ,1afebt^4d*» : of4i 
actioo* and afotafe treaattred4^4nthe memto 
Hlowfttg pitopoUtiotte* '■ •' r 5 * ■■* 
' ftofc>^ all unel 



' StcetoUf. Bodlee fefecttified afcnflarly, that 
pteKirelY or bote negatively, rqWetoh other, 

TkurB*. Bodies electrified dmftreaHy, that 
podtivetff aad the <iher aegfttjtoforjftnKl e*d 

F<N0t%. The force of attractkW ~or -fenuM 
wnrdy as the square ef. the<thtance; r tint! is, w 
balls are electrified, the one positively and tr 
negatively, the force of attraction increases ra 
they draw near to each other, being four times i 
when twice as near, and a hundred times as gre 
ten times as near. Repulsion follows the sam 
that is, when two balls are similarly electrifie 
quires four times the force to bring them twice 
to each other, and a hundred times the force 
them ten times as near as before. 

Sec. 2. Of Electrical Apparatus. 

134. Electrical machines afford the means c 
mulating the electric fluid, so as to render its 
Air more striking and powerful than they appea 
simple experiments already recited. The 
ii. ■ = 

138. State the four laws of e\ectnc«\*xvtw^oxL wAv 
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bine is represented in Fig, 58, Its principal 
» are the cylinder, the frame, the rubber, and the 

Fig. 58. 




>1 u, . 



ne conductor. The cylinder (A) is of glass, from 
it to twelve inches in diameter, and from twelve 
ighteen inches long. The frame (B B) is made 
lard wood, dried and varnished. The rubber (C) 
sists of a leathern cushion, stuffed with hair like 
pad of a saddle. This is covered with a black silk 
h, having a flap, which extends from the cushion 
p the top of the cylinder to the distance of an 
l from the points of the prime conductor, to be 
itioned presently. The rubber is coated with an 
Igam, composed of quicksilver, zinc, and tin, which 
paration has been found by experience to produce 



ft/ferafce the electrical machine— the cy\\n!tat~ V\\fc taxofc- 
vber—tbe amalgam — the prime conduclot 
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* high degree of electrical excitement, when subjected 
to the friction of glass. The prime conductor (D) k 
usually a hollow cylinder of brass or tin, with rounded 
ends. It is mounted on a solid glass pillar, (a junk 
bottle with a long neck will answer,) with a broad and 
heavy foot made of wood to keep it steady. The cyl- 
inder is perforated with small holes, for the reception 
of wires (c) with brass knobs. It is important in an 
electrical machine, that the work should be smooth 
and free from points and sharp edges, since these have 
a tendency to dissipate the fluid, as will be more fully 
understood hereafter. For a similar reason, the ma- 
chine should be kept free from dust, the particles of 
which act as points, and dissipate the electricity. 

135. By the friction of the glass cylinder against 
the rubber, electricity is produced, which is received 
by the points, and thus diffused over the surface of the 
prime conductor, and may be drawn from it by the 
knuckle, or any conducting substance. In order to 
indicate the degree of excitement in the prime con. 
ductor, the Quadrant Electrometer is attached to it, as 
is represented at E, Fig. 58. This electrometer is 
formed of a semicircle, usually of ivory, divided into 
degrees and minutes, from to 180. The index con- ' 
sists of a straw, moving on the center of the disk, and 
carrying at the other extremity a small pith-ball. The 
perpendicular support is a pillar of brass, or some con- 
ducting substance. When this instrument is in a per- 
pendicular position, and not electrified, the index hangs 
by the side of the pillar, perpendicularly to the hori- 
zon ; but when the prime conductor is electrified, it 
imparts the same kind of electricity to the index, re- 
pels it, and causes it to rise on the scale towards an 
, angle of 90 degrees, which point indicates a full charge. 

135. How is the electricity produced *\ TJeawW* \Yv* ^vwArax^i 
Urometer, and ahow how it Wicaves tfie dw*e *£ >»* «»**1^ 
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. Let us now try a few experiments. If we 
be machine one or two rounds, the prime con- 
will be charged, and the quadrant electrometer 
main fixed at 90 degrees. We will first exam- 
conducting powers of different bodies. A glass 
eld in the hand and applied to the prime con- 
will not cause the index of the electrometer to 
(cause glass is a non-conductor of electricity ; 
i iroi. rod thus applied, will cause the index to 
rtantly, iron being a good conductor, and permit- 
e fluid readily to escape first to my hand, and 
h my person to the floor, and finally to the earth, 
piying a knuckle to the prime conductor, we 
i the same manner, that the animal system is a 
inductor, as the fluid is instantly discharged and 
ex falls. On the other hand, a piece of sealing- 
ill not affect the index, and is therefore a non- 
itcr. So, if we hold a lock of cotton by a silk 
it will scarcely affect the electrometer, while if 
j a linen thread, the fluid will be drawn off and 
Eex will fall. It is very useful for the learner 
in this way the conducting powers of a great 
f of bodies. Some he will find to affect the 
meter very little, and he will thus know them 
non-conductors ; others will instantly cause it 
, and are known as good conductors. Other- 
.use the index to descend gradually, and are of 
imperfect conductors. These last, on being 
led with the breath or wet with water, will in- 
an increase of conducting power. A long stick 
i 9 as a broom-handle, will be found to conduct 
as power than a short stick of the same, and a 
thread will conduct better than a small one. 

iperimenta on the conducting powers of bodiefr—clasB— vt<va. 
luckle— «eaJing-wax— a Bilk thread. Stote \\\fe «£«<& *A «*^ 
What is the effect on conducUaa wnet \itataK*&. Vi 
—by increasing the length or ttieof aAwA. coTOta&v»A 
12 
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Thai all -f-to AArant drci»«Uik^«Aitteg tk*" 
dootiag purer, imiy be Afocrtt^ed | •»* «p« 
knowledge- of these relative powers depio&htfci 
of managbg the electric fioidj whcfcbw U fee fan 
common electricity or in that of Hgtatogi > 

187, The laws of attraction and feyfiWwt w 
verified by the aid of am o le etrt —1 machine, ■ 
more strikingly than by the siinple «pf*i*tni J 
tioned in Articles 139 and U3, if w* hug a fat 
hair to the prime conductor, o* tarring the «mm 
the halls will recede violently frote each /other 
caul* fedie* similarly electrified «epaft «a<* at 
By piaiste light bodies, a» paper images, loeltotf 
too, or light feathers, between ooe^Ute«ea»ooted 
the prime conductor and another whteh JrtralnsiUi 
as is re p res ented in figure £9> (A* appet pie* * 
hung to the -pita* ooadac 
the electrical dance may he 
formed. The images will 
be attracted to the upper p 
but instantly imbibing the i 
electricity, they will be rep 
by the upper and attracts 
the lower plate ; on descen 
to the latter, they will gin 
their charge and return a 
to the upper plate to repeat 
process, thus performing a 
of dance, which when perfoi 
by little images of men 
women, is often very amui 
Most electrical machines are furnished with a vai 
of apparatus for illustrating the principles of elect 
attractions and repulsions, such as a ohime of t 
the electrical horse-race, the electrical wind-mill, 



137. Effect when a lock of halt » Ynm% \o tae v™c&fc ca*ta 
How is the electrical dance performed 1 
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the like ; but these must be seen in order to be fully 
understood, ajd tharefore their exhibition is left to the 
instructor. 

138. The Leyden Jar is a piece of ap- 
paratus used for accumulating a large 
quantity of electricity. It consists of a 
glass jar ccated on both sides with tin foil, 
except a gpace on the upper end, within 
two or three inches of the top, which is either 
left bare, or is covered with a coating of var- 
nish, or a thin layer of sealing wax. To j 
the mouth of the jar is fitted a cover of hard 
baked wood, through the center of which 
passes a perpendicular wire, terminating 
above in a knob, and below in a fine chain 
that rests on the bottom of the jar. On presenting the 
knob of the jar near the prime conductor of an elec- 
trical machine, while the latter is in operation, a series 
of sparks pass between the conductor and the jar, 
which will gradually become more and more feeble, 
until they cease altogether. Trie jar is then said tc 
be charged. If we now take the dis- 
gorging rod, (which is a bent wire, 
armed at both ends with knobs, and in- 
sulated by a glass handle, as in figure ^ 
61,) and apply one of the knobs to the 
outer coating and bring the other to 
the knob of the jar, a flash of intense 
brightness, accompanied by a loud re- 
port, immediately ensues. If, instead 
of the discharging rod, we apply one 
bend to the outside of the charged jar, 
md bring a knuckle of the other hand to the knob of 
tlie jar, a sudden and surprising shock is felt, convul- 



Fifr 61. 




H8. Drtiae the Leyden Jar— describe vV— Ww * \V &AS3$& 
&>*duch*rged1 How ia the shock taWen*\ 
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sing the arms, and when sufficiently paworfiil, 
through the breast. 

139. The outside and the Inside of a Lcyden Jar are 
always found m opposite elates ; that is, if to the knob 
connected with the injrfdewe have imparted positive 
electricity, (as in the mode of charging already de- 
scribed,) then the outride will ho electrified in the same 
degree with negative or resinous electricity. Every 
spark of one sort of fluid that enters into the jar, drive* 
off a spark of the same kind from the outside, and 
leaves tW in the' opposite fetate. And if the jar is uv 
sulated, Jfta whet* it stands on a glass support.) so that 
the electricity oeiraot pas* from the outer coating, than 
it wfll take no charge..: We may charge a jar n 
tively instead of positively by grasping hold of i 
knob and presenting the outside to the prime conductor. 
The positive electricity thur enters the outer coating, 
drives off an equal quantity of the same kind from the 
inside, which escapes through the body of the operator 
and leaves the inner coating negative* When the jar 
is thus charged, we must be careful to set it down on 
a glass support before withdrawing the hand ; for if 
we place it on the table, which is a conductor, the elec- 
tricity will immediately rush from the outside to tb» 
inside, through the table, floor, and body of the opef»- 
tor, and he will receive a shock* But if he sets th* 
jar on a non-conducting support, no such eommuiiics* 
tion will be formed between the iwo sides of the jj$** 
and consequently it will not discharge itself. 

The Electrical Spider forms a pleasing illustration 
of the different states* of two jars* one charged pes** 
tively and the other negatively. It is contrived as fel- 
lows : Take a bit of cork and form a small ball of lh* 
size of a pea, for the body of the spider* With i 
needle, pass a fine black thread backward and for* 

MB. In whnt state are the iwo tito-atf * cV*k^&tbk\ \Wjtm* 
wc ch.trjt? a jar negatively 1 'WYiy i*\tutceMNC* \»«*\.\\*»«va« 
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•ard tbrcor^ ~-j* sjom it zia vs-.i* sizzle z 
roject free: z za~z zr -nr-e L*}ztz* u m. z 
ipposite sidrs. "_: rrn -ae 
egs. New s?:53ezi: - ztvz ?"♦ fi- 

the center zz zrjz :o:~ :*r 

a fine silk zr. rsac- :<5*"v«x 
two jars. cc* zz&?z=rz va- 

tively and,:s» oni*-" wzfr- A - 

tively. anfeacec zn a n»it ^ 

u is represen*c ai iiri^* 

•3. The spt:er ▼-... iirsc 

be attracted zz, zz& uca it 

the nearest jar. "»•_ ::x..ihft 

the same electriijn-. i* -*■- 

Eled, and asrass: i: rj* 
)b of the cta*-:r # *-. zt.1i 
which aeain r: wl. ztt ~*-:&'.*r~ v>v. r t 
to vibrate back ti: 5:m virv«-.i ;**► :••■- 
has restored it* « nl I:r:ira >*"•-*-: :.*^; 
conveying to v.* z&xi* zr -aur. i.- .;* - 
the inner cakzzz :t *3i* y.:i»- 

fainted <x&iz/jr.r\ iar- * i ?~n&.-£. 
•He power of drawer ^f *.ut 




a'pating the *I*cl-ji iui »:«: : wZ* 

°ne hand to iza :«r**_- !rakr..vr / i 



has accuiccaa*:. ^: v* mc 
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charged jar. 

* needle towari* -;:* mr* 

alently draw 

without givlnz az.y iov.* 

while we are c-jtrr-zs * .a.* ▼ ::: :;* ■_ — „, 

Bftchine, we i'.T^r. i v.»;-»t»?: v •» 

*a needle t^wari* v.* tabv.init *-«r. *• * --.^. y.t>rv 

distance from :: zz&z zz* i.zrs* S :* * - :.* • .. / 
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piii^the needle in 

£fHMNLtM^ uMVCroftty hMT t 

to be free from sharp lines atfd n£*t%to>iteJa)*i 
in roond ameoth surfaces. ■«** J " s ^;. u .** 

&c. a. Cf Electrical Ijgktmnt jftafc:?* :":t -. 

140. Electrical Light appeal* wtaratr H*4ty 
discharged in considerable ^aaftier^taflMh ♦ Ha 
ing me^inm. When eleotiMtf ftftwk fiwirj &ii 
good cdMocton^t exhibit* itfttar light ** Mp; 
if sa^wnduxjWs suffer tnj imernindcftv^iBf 
ing i&rough a sniall space^of air, drift* tkranp 
impmect cxjnduotoiv Iheo light h e c qrta a JBMMsnt^ 
wiinjbppose the e3rpe»imemtp^e ytfjl a iai e d in mi 
room/or in the eventogfin a vsom very feebly ligfc 
A glass tube, rubbed with Mack aBlt, coats* w* 
little electrical amalgam, will aflbrd numerous spa 
with a slight crackling noise. A chain, hung to 
prime conductor of a machine, will show a br 
spark at every link. If we attach one end of 
chain to the prime conductor, and hold the a 
end suspended by a glass tube, brushes or per 
of light will issue from various points along 
chain. The spark seen in discharging the Lev 
Jar, as in Article 13d, is very intense and dazzl 
Fig. 64. 
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Figure 64 represents a glass cylinder, armed at e 
end with brass balls, and wound round, spirally, i 
a narrow strip of tin foil. At short intervals, st 
portions of the tin foil are cut out, so as to inten 

140. When does electrical light appear 1 When does elecli 
exhibit neither light nor heaU T£rat\mtT&'w&L «. ^sa& tub 
chain— & spiral tube 1 How may \\\uiiA&ata& 'tustfet^* xm 
up pearl 
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the circuit. Whenever a spark is passed through this 
apparatus, it appears beautifully luminous at every 
interruption in the tin foil. Words or figures of any 
kind may be very finely exhibited by coating a plate 
of glass with a strip of tin foil in a zigzag line, from 
one corner to the opposite corner, diagonally. Then 
with the point of a knife, small portions of the tin foil 
are nicked out in such a manner that the spaces 
thus left bare shall together constitute some word, as 
Washington. The spark, in passing through the tin 
foil, will meet with resistance at all the places where 
the metal has been removed, and will there exhibit a 
bright light. Thus an illuminated word will appear 
at every spark received from the machine. If the 
machine is not sufficiently powerful to afford a spark 
strong enough to overcome the resistance occasioned 
by so many non-conducting spaces, then the illu- 
minated word may be made to appear with great 
splendor, by making the plate form a part of the cir- 
cuit between the inside and the outside of a charged 
Leyden Jar. 

141. By means of the Battery, far more brilliant 
experiments may be performed than with a single jar. 
The Battery consists of a number of jars, twelve, for 
instance, so combined that the whole may be either 
charged or discharged at once. Large Leyden Jars, 
placed side by side in a box, standing on tin foil, which 
forms a conducting communication between the outer 
coatings, while the inner coatings are also in commu- 
nication by a system of wires and knobs, answer the 
tame purpose as a single jar of enormous size, and are 
fcr more convenient. When the battery is charged, 
and a chain is made to form a part of the circuit 
foween the outside and inside, on discharging it, the 
Whole chain is most brilliantly illuminated. Rough 

ja : The Battery— of what does it constat *\ Dcwsxto* \\. Waw Sfc 
• duia illuminated by the battery \ Great pro et ot ««»» YwWbo** 
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M gb trihig lodr sometimes present a similar a 
When struck during a thunder storm* Bat 
sometimes made of sufficient power to kill sma 
and even men. 

142. Heat, as well as light, attends the eleo 
although, except when the discharge is very 
as in the ease of the battery, or of lightning 
feeble, sufficient to set on fire only the most in: 
substances. Alcohol and ether, two very ini 
Iftjuids, may be fired by the spark, a cand] 
Wbtsd. and gunpowder exploded. It is, 
(Hfaitt to set powder on fire by electricity, \ 
spaA is very strong. 

!E48. The electro spark passes much ro 
through rarefied air, than through air in it* 
stfcte* Urns, a spark which would not strtt 
the air more than tror or five inches, will pat 
ml -exhausted glass tube, four feet or more 
filling all the interior with a soft and flickei 
somewhat resembling the Aurora Borealis. t 
phenomenon has been ascribed by some to « 
though this is probably not its true explanati* 

144. In Thunder Storms, we see elect ricity 
in a state of accumulation far beyond whc 
create by our machines, and producing eflfec 
tionally more energetic. A cloud presents a 
insulated by the surrounding air, in whic 
weather, electricity collects and accumuh 
would upon a prime conductor of immense 
sending up -a kite armed with points, elect] 
be drawn from such clouds, and made to d 
a wire wound round the string of the k 

142 Does heat attend electricity 1 Give examples of 
by it. 

143. How does the spark pass through rarefied air 1 
appearance of the Auroral tube. 

144. How is electricity exh\t>\t«.<\ \n tYramtet ^TttvVr 
tween a cloud and a prime conductov Y ©v« ^v* >w 
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may easily direct it upon a prime conductor, or charge 
a Leyden Jar with it, and examine its properties as we 
should do in the case of ordinary electricity. By such 
experiments, it is found that the clouds are sometimes 
positively and sometimes negatively electrified. In 
thunder storms, the lightning is usually nothing more 
than the electric spark passing from one cloud to an- 
other differently electrified, as it passes between the 
outer and inner coating of the Leyden Jar. The dash 
appears in the form of a line, because it passrs so 
swiftly, just as a stick, lighted at the end and whirled 
in the air, forms a circle of light. The motion of the 
electric fluid is, to all appearance, instantaneous. 
Thunder is the report occasioned by the rushing to- 
gether of the air, after it has been divided by the pas- 
sage of the lightning. The cracking of a whip, as al- 
ready mentioned, is ascribed to the same cause. The 
lash divides the air into two parts, which forcibly rush 
together and occasion the sound. When a thunder- 
clap is very near us, the report follows the flash almost 
instantly, and such claps are dangerous. In all cases, 
the lightning and the thunder actually occur at the 
same moment, but when the discharge is at some dis- 
tance from us, the report is not heard till some time 
after the flash ; for the light reaches the eye instanta- 
neously, but the sound travels with comparative slow- 
ness, moving only about a mile in five seconds. We 
may, therefore, always know nearly how distant a 
thunder cloud is, by counting the number of seconds 
between the flash and the report, and allowing the fifth 

i of a mile (or, more accurately, 1,130 feet) to a second. 

I (See Art. 124.) 

1 145. Sometimes lightning, instead of passing from 

from the clouds 1 How is the flash produced in thunder storms 1 
Why does it leave a bright line 1 \Vhat\almmteT\ \^o^ ^kAvvr*&\ 
*V are the flash and the report sometimes vo^etae? *»&*btorx«»"* 
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*M«r*r ofaod, disch ar ge s it self i*1»mi 
thsn strikes objects that oeme m its root*,' 
tress, animals, and sometimes mas. A» 
always selects, in its passage, the best oomh 
Franklin first suggested the idea of prate 
dwellings by means of Lightning Bads. If 
properly constructed, the lightning will «l*a 
passage thitftigit them in preference to any ] 
house, and thus they will afford complete pi 
ihe-fcinily; Sharp metallic points* were ob 
Dr. Franklin to have great power todisoh 
trinity from either* prime, conductor or * Li 
and this suggested their use- in lightning-rods 
also, being -the best conductors of electric! 
obviously afford the most proper material fe 
of the rod. ■ 

There are three or four conditions in the 
tkm and application of a lightning-rod, whii 
sential to insure complete protection. The 
not be less than three-fourths of an inch in d 
it must be continuous throughout, and not i 
by loose joints — it must terminate above in o 
sharp points of some metal, as silver, gold, c 
not liable to rust — it must enter the ground t< 
of permanent moisture, which will be differ 
ferent soils, but usually not less than six fe< 
thus constructed will generally protect a s\ 
way equal to twice its height above the ric 
bouse. Thus, if it rises fifteen feet above tl 
will protect a space every way from it of 1 
It is usually best to apply the rod to the cl 
the house ; or, if there are several chimney* 
to select one as central as possible. Th 

145. What happens when lightning strikes to the earth 
rods— influence of points and cond»c\.ot%— tovw ^ *"* 
the rod— to be continuous— -Ww \e.Travwa\fca *W** «a& 
much space will a rod pio\ectA Wovj w^*^**^ 
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>y, being usually the only 'jlb in which fires are 
ined during the season of thunder storms, re 
to be specially protected, since a column of 
rising from a chimney is apt to determine the 
of the lightning in that direction. If, therefore, 
htning-rod is attached to some other chimney of 
ise, either a branch should proceed from it up 
tchen chimney, or this should have a separate 
As lightning, in its passage from a cloud to the 
selects tall pointed objects, it often strikes trees, 
is, therefore, never safe to take shelter under trees 
a thunder storm. Persons struck down by light- 
re sometimes recovered by dashing on repeated 
s of water. 

, 4. Of the Effects of Electricity on Animals. 

. When we apply a Fig. 65. 

le to the prime conduct- 

an electrical machine, 

ceive the spark, a sharp 

>mewhat painful sensa- 

felt. If we receive the 

> of a Leyden Jar, a 

is experienced which is 

jr less severe, accord- 

the size and power of J 
.r. A battery gives a 

still more severe, and 
y be even dangerous, 
ting, it is well known, 
mes prostrates and kills men and animals. A 
lient method of taking the shock, is to charge a 

the kitchen chimney 1 May we take shelter under tree* 
restore people struck by lighhnna'l 

leamtioD to the knuckle— effects oV utac— <£ *WXra »^V*X 
-eaient mode of taking the shock. 1 1teiim&aQfc\pftftMmtal 
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quart jar, place it on a tabic, and grasping i 
a metallic rod, apply one rod to the outaid< 
and touch the other to the knob connected 
side. If the charge is feeble, it wili be fel 
arms ; if it is stronger, it will be felt in 
and it may be sufficiently powerful to < 
whole frame. Any number of persons ma 
hold of hands, all receive the shock at the a 
The first must touch the outside, and the li 
of the jar. Whole regiments have been < 
once in this way, 

147, Electricity is sometimes employed 
and is thought to afford relief in various c 
may be applied either to the whole sysieir 
to any individual partj by making that purt 
lion of the communication between the in 

outside of a 

Fig. 66, fluid may I 

milder forr 

of the Elet 

This is a 

resting on 

The patter 

stts on the 

holds a cb; 

ed with the 

ductor, wh 

chine is tu. 

produces a 

excitement 

whole system : the hair stands on end ; 

be taken from all parts of the person, as fr 

conductor ; and the patient may communis 




a feeble charge— by a strong— by a powerful charge 
an/ Dumber of pereona be electrified at once 1 

I4T. How is ekotricity em$toye& me&ttxa&3\ \ 
9t (fee electrical stool 1 
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c ibock to any one that comes near him, or may set on 

* Jire ether and other inflammable substances, by merely 
*' touching them with a rod, or pointing toward them. 

: i 148. Several fishes have remarkable electrical pow- 

* mb. Such are the Torpedo, the Gymnotus, and the 
f SOurus. The Gymnotus, or Surinam eel, is found in 
i the rivers of South America. Its ordinary length is 
? from three to four feet ; but it is said to be sometimes 

twenty feet long, and to give a shock that is instantly 
fetal. Thus, it paralyzes fishes, which serve as its 
food, and in the same manner it disables its enemies 
and escapes from them. By successive efforts, elec- 
trical fishes exhaust themselves. In South America, the 
natives have a method of taking them, by driving wild 
horses into a lake where they abound. Some of the 
eels are very large, and capable of giving shocks so 
powerful as to disable the horses ; but the eels them- 
•elves are so much exhausted by the process, as to be 
easily taken. 



CHAPTER VIII. 
MAGNETISM 

DEFINITIONS — ATTRACTIVE PROPERTIES — DIRECTIVE PROPERTIED 
—VARIATION OF THE NEEDLE DIP — MODES OF MAKING MAGNETS. 

149. Among the ores of iron, there is found an ore 

of a peculiar kind, which has the power of attracting 

*. hon filings, and other forms of metallic iron, and is 

4 called the loadstone. This power can be imparted to 

(bars of steel, which are denominated magnets. The 
unknown power which produces the peculiar effects 
: of the m&gnet, is called magnetism. TYv\a taka \a, 



1-&- Wha t of electrical fishes 1 Give an account of itoa Grmafc* 
149 Whffi^lff^Z takc electrical fishes m SovrtYv kineta*A 
/*a what is the loadtloae, and magnets \ De^eMaciutt^ 

13 
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also applied, as at the bead of this chapter, 
branch of Natural Philosophy which treats 
magnet. Magnetic bars are thick plates of 
steel, commonly about six inches long. If a r 
bar be placed among iron filings, they will 
themselves around a point at each end, fonni 

Ffo. 67. 




as is shown in figure 67. These two points ai 
the pates, and the straight line that joins th 
mri* of the magnet. If we suspend , by a fine 
a small needle, and approach toward it eit! 
of a metallic bar, the needle will rush to 
and attaeh itself strongly to the pole. By 
(he needle on one of the poles of the mi 
will itself imbibe the same power of attract! 
and become a magnet, having its poles. If 
bring first one pole of tl 
Fig. 68. Fig. 69. netic bar toward the nee 
then the other pole, > we si 
that one attracts, and the < 
pels the needle. Figure fi 
sents two large sewing 
magnetized, and su6pende< 
threads. On approaching 1 
pole of a magnetic bar to t 
poles of the needles, tl 
forcibly repelled ; but or 
ing the south pole of a bi 
figure 69, the north pole 
needles are attracted toward it. 

two flenses in which the word is used. What are magn 
What are the poles— the axis *\ How tavj *TftK&& X*. to 
How are its properties chftasje&to? &»\rocM»A 
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150. Let us suppose that the long needle represent- 
ed in figure 70, has been rubbed on a magnet, so as to 
imbibe its properties, or to 
become magnetized; then, on F !£^ 70, 

balancing it on a pivot, it will B ■[■ v 

of its own accord place itself 
in nearly a north and south 
line, and return forcibly to 
this position when drawn 
aside from it. This property 
is called the directive, while the other is called the 
attractive, property of the magnet. That end which 
points northward, is called the North Pole of the 
magnet, and that end which points southward, is 
called the South Pole. Every magnet has these two 
poles, whatever may be its size or shape. A mag- 
netic bar has usually a mark across one end, to de- 
note that it is the north pole, the other, of course, 
being the south pole. If the north pole of a bar be 
brought toward the north pole, N, (Fig. 70,) of the 
needle, it will repel it, and the more forcibly in pro- 
portion as we bring it nearer to N. On the contrary, 
if the north pole of the bar be brought toward the 
south pole S of the needle, it will attract it. Also, 
if we present the south pole of the bar first to one pole 
of the needle, and then to the other, we shall find that 
the bar will repel the pole of the same name with its 
own, and attract its opposite. These facts are ex- 
pressed by the proposition that similar poles repel, and 
opposite poles attract each other. When a magnetic 
bar is laid on a sheet of paper, and iron filings are 



160. Explain the directive property. Which is the north and 
which the south pole 1 How is the north pole distinguished 1 Ef- 
fect when the north pole of the bar is brought near the north pole 
of the needle— when the north pole is biowYvV \omx& ^r yb*Sgl 

pate f State the general fact, what takea \Xw* vta"^ * xe«^j»v» 

oar k placed among iron filings 1 



b on 4t, they will image tbetnsalre* 
aroand it, fttffct figure 71. 

Fig. 71. 




151. The magnetic needle, when freely A 
•eldom noints directly to the pole of the eart 
deflation from that pole, either east or west, 
die variation of the needle. A line drawn « 
fluee of the earth, due north and south, is eal 
rktkm Hne. The needle usually makes a g 
leas angle, with this line. Its direction is o 
magnetic meridian, and the place on the earth 
it points, is called the magnetic pole. The < 
two magnetic poles, one in the northern, the 
the southern hemisphere. The north magn 
is in the part of North America lying north 
son's and west of Baffin's Bay, in latitude 7( 
variation of the needle is different in differc 
tries. In Europe, the needle points nearlj 
and S. E. ; while in the United States it de\ 
where but a few degrees from north and soi 
along a certain series of places, passing throu 
era New York and Pennsylvania, the variatioi 
mg ; that is, the needle points directly north ai 
At the same place, moreover, the variatic 
needle is different at different periods. Fo 
series of years, the needle will slowly appr 



151. What is meant by the variation of the needle 1 

meridian line ?— the magnetic meiuUwcv \ Svtviauoo, ot'ihe 

tetic pole ? flow is the variation of \Yw: i\eeo\* \u¥^^ 

ihe United Suites 1 Where docs \Vve Yuve of no n*x\»x\sw 
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North pole, come within a certain distance of it, and 
then turn about and again slowly recede from it. At 
Yale College, the variation in 1843, was 6£ degrees 
West, and is increasing at the rate of 4£ minutes a year. 

152. A needle first balanced on its center of gravity, 
and then magnetized, no 
longer retains its level, but Kg. 73. 
it points below the horizon, 
making an angle with it, 
called the Dip of the needle. 

The dipping needle is 
shown in figure 72, adapted ( 
to a graduated circle in or- r 
der to indicate the amount of \ 
the depression, and is some- 
times fitted with screws and 
a level to adjust it for obser- 
vation. The dip of the nee- 
dle varies very much in dif- 
ferent parts of the earth, being in general least in the 
equatorial, and greatest in the polar regions. At Yale 
College, it is about 73 degrees, being greater than is 
exhibited in the figure. 

153. The directive property of the needle has two 
most interesting and important practical applications, 
in surveying and navigation. The compass needle, 
in order to keep it at a horizontal level, and prevent its 
dipping, has a counterpoise on one side, which exactly 
balances the tendency to point downward. By the 
aid of this little instrument, lands are measured, and 
boundaries determined ; the traveller finds his way 

does the variation change at any given place 1 How is it at New 
Haven 1 

. 152. What is the Dip of the needle 1 Describe figure 72. Where 
* the dip of the needle greatest 1 Where least f Its amount at 
tnle Colkge 1 

258. What are the two leading applications of lYv« we*W Www'v* 

be compass needle kept from dipping \ To irtaX wiV^v?*^ 

13* 
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through unexplored forests and deserts ; and it 
guide their ships through darkness and tempe 
across pathless oceans. 

154. There are various methods of making* 
needle^ or artificial magnets. Soft iron readily i 
magnet ism t hut as readily loses it; hard steel t 
it more slowly, but retains it permanently, 
singular property of a magnet, whether nat 
artificial, that, like virtue, it loses nothing by 
imparts to another. In fact, such an exercis 
powers is essential to their preservation. The st 
magnet, if suffered to remain unemployed, gn 
loses power. Magnets, therefore, and loadstot 
kept loaded with as much iron as they are cap 
holding, called their armature. If we simply 
penknife on one pole of a magnet, we render it mi 
as will he indicated by its taking up iron fil 
sewing needles. Magnetism is most readily ir 
by a bar, when both its poles are made to act tc 
This is done by giving the bar the form of a hor. 1 
as in ^guTG 73, To magnetize a needle, we la 

on a table, and pi 
Fig- 73. two poles of the 

shoe magnet nc 
middle, and rub i 
needle, backwai 
forward, first tow 
end and then tow 
other, taking care to pass over each half of it ai 
number of times. The needle may then be turn* 
and the same process performed on the other sid< 
it will be found strongly and permanently magi 



164. How is the compass needle made 1 What is said of 
and hard steel 1 How is the strength of the magnet afiS 
action or inaction 1 What is the armatcre % How to maj 

penknife. Why is a bar bent into tVie Viot«-^m» taraA 

magnetize a needle with it. 




CHAPTER IX. 

OPTICS. 

DsrocrnoNfl — reflexion and refraction — colors — virion — Mb 

CROflCOrBl AND TELESCOPES. 

155. Optics is that branch of Natural Philosophy 
which treats of Light. « Light proceeds from the sun, a 
lamp, and all other luminous bodies, in every direction, 
in straight lines, called rays. If it consists of matter, 
its particles are so small as to be incapable of being 
weighed or measured, many millions being required 
to make a single grain. Some bodies, as air and glass, 
-eadily permit light to pass through them, and are 
called transparent ; others, as plates of metal, do not 
permit us to see through them, and are called opake. 
Any substance through which light passes, is called 
a Medium. Light moves with the astonishing velocity 
of 192,500 miles in a second. It would cross the 
Atlantic Ocean in the sixty-fourth part of a second, 
and in the eighth part of a second, would go round the 
earth. When light strikes upon bodies, some portion 
of it enters the body, or is absorbed, and more or less 
of it is thrown back, and is said to be reflected ; when 
it passes through transparent bodies, it is turned out 
of its direct course, and is said to be refracted. The 
light of the sun consists of seven different colored 
rays, which, being variously absorbed and reflrcted 
by different bodies, constitute all the varieties of colors. 
Light enters the eye, and forming within it pictures 
of external objects, thus gives the sensation of vision. 
The knowledge of the properties of light, and the 
nature of vision, has given rise to the invention of 
many noble and excellent instruments, which afford 

IBS. De&ue Optica— terms rays, trai^Metv^o^vv^^YA^v:^^ 
When m light said to be reflected! 'Wtouitftttte&'V v^Vm&A*^ 
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wonderful aid to the eye, such as the microscope and 
the telescope. Let us examine more particularly these 
interesting and important subjects, under separate 
heads. 

Sec. I. Of the Reflexion and Refraction of Light. 

156. When rays of light, on striking upon some body, 
are turned back into the same medium, they are said 
to be reflected. Smooth polished surfaces, like mirrors 
and wares of metal, reflect light most freely of any, and 
hence their brightness. Most objects, however, are 
seen by reflected light ; few shine by their own light. 
Thus, the whole face of nature owes its brightness and 
its various colors to the light of the sun by day, and 
to the light of the moon and stars by night. The rays 
that come from these distant luminaries, fall first upon 
the atmosphere, and arc so reflected and refracted from 
that as to light up the whole sky, which, were it not for • 
such a power of scattering the rays of light that fall 
upon it, would be perfectly black. On account of the 
transparency of the atmosphere, the greater part of 
the sun's rays pass through it, and fall upon the surface 
of tli<? earth, and upon all objects near it. These reflect 
the light in various directions, and are thus rendered 
visible by that portion of the light which proceeds from 
them to the eye. 

157. When a ray of light strikes upon a plane 
surface, the angle which it makes with a perpendicular 
to that surface, is called the angle of incidence, and the 
angle whicli it makes with the same perpendicular, 
when reflected, is called the angle of reflexion. The 

sun's rays consist 1 To what inventions has the study of Optica 

given rime 1 
156. When are rays of light said to be, Teft.ecieA'X "fyi n*\\sX\y$jx 
are most objects seen 1 Show how the aunos\>\ie.Te. «xA T*\ae&. , &£ttk%\ 
w the earth are j'Wumina ted. ~ v% v_ 

*&. Define the nn&t of incidence and oC tendon. Yjptife!* 
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mgle of reflexion is equal to the angle of incidence. 
Thus, a ray of light, A C, striking upon a plane mir. 
w, M N, at C, will be 
■effected off into the line 
3 B, making the angle of ^ 
incidence, MCA, equal N 
to the angle of reflexion, 
NCD. It is not neces- 
sary that the surface on 
which the light strikes/ 
should be a continuedl 
plane; the small part of M 
a curved surface, on which 
a ray of light falls, may be considered as a plane, 
touching the curve at that point, so that the same law 
of reflexion holds in curved as in plane surfaces. 
Now the grains of sand on a sandy plain, present sur- 
faces variously inclined to each other, which scatter 
the rays of the sun in different directions, many of 
•hich enter the eye, and make such a region appear 
very bright ; while a smooth surface, like a mirror, or 
t calm sheet of water, reflects the light that falls on it 
chiefly in one direction, and hence appears bright only 
when the eye is so situated as to receive the reflected 
beam. Thus, the ocean appears much darker than 
the land, except when the sun shines upon it at such 
m angle as to throw the reflected beam directly to- 
ward the eye, as at a certain hour of the morning or 
evening, and then the brightness is excessive. 

158. An object always appears in the direction in 
*hicb the last ray of light from it comes to the eye. 
Thus, we see the sun below the surface of a smooth 
ake or river, because every ray of light, being reflect- 
ed from the water as from a mirror, comes to the eye 

Ween these two angles. Explain figure 74. Doe* ti& «&\s& Nam 
told for curved surfaces 1 which appear* d»xVLe&, tafc to&h&. «. 
md, ia the light of the Boat 
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in i.l 10 direction in which the* image appears ; 
the light of a star were to change its direction 
dred times in coming through the atmosphere, w 
see the star in the direction of the last ray, in I 
manner as if none of the other directions had 
This principle explains various appearances p 
by mirrors, of which there are three kinds- 
concave, and convex. 

159. A common looking-glass furnishes an 
of a Plane Mirror. If we place a lamp before 
of light are thrown from the lamp upon ever) 
the mirror, but we see the lamp by means of tl 
of the rays only which are reflected to the f 
the rest are scattered in various quarters, an 
contribute at all to render the object visible tc 
tator at any one point, although they would 
in like manner, a separate image of the lamp v 
they entered an eye so situated as to receiv 
Hence, were there a hundred people in the roc 
would see a separate image, and each in the < 
in which the rays came to his own eye. We ' 

Fig. 75. 




pose M N to be the looking-glass, having a har 

158. In what direction does an object always appear 1 
in the sun— in a star. "What are the three kinds or mirroi 
Ififlt Explain how the imaged fornix \^*\^x^TK«t* 
rajra only enable us to see the \m*&e 1 "Eac^M^Svftt 
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jefore it, and the eye of the spectator at D. Of all 
iie rays that strike on the glass, the spectator will see 
iie image by those only which strike the mirror in 
nich a direction, A B, that when reflected from the 
mirror at the same angle on the other side, they shall 
anter the eye in the direction B D. The image will 
appear at C, and will be just as far behind the mirror as 
the harp is before it This last principle is an import- 
ant one, and it must always be remembered, that every 
point in an object placed before a plane mirror, will 
appear in the image just as far behind the mirror as 
that point of the object is before it ; so that the image 
will be an exact copy of the object, and just as much 
inclined to the mirror. We learn, also, the reason 
why objects appear inverted when we see them re- 
flected from water, as the surface of a river or lake, 
since the parts of the object most distant from the wa- 
ter, that is, the top of the object, will form the lowest 
part of the image. 

160. If we take a looking-glass and throw, an image 
of the sun on a wall, on turning the mirror round we 
shall find that the image moves over twice as many 
degrees as the mirror does. If the image is at first 
thrown against the wall of a room, horizontally, (in 
which case the mirror itself would be perpendicular to 
the horizon,) by turning the mirror through half a 
right angle, the place of the image would be changed 
a whole right angle, so as to fall on the ceiling over 
bead. A common table-glass, which turns on two 
pivots, being placed before a window when the sun is 
low, will furnish a convenient means of verifying this 
principle. 

ia the image behind the mirror 1 How far is each point in the im- 
age behind the mirror 1 Why do objects appear inverted when re- 
fected from water 1 

160. If a mirror be turned, how much faBtet Aosa ^Rfc xm^xRswt 
ttu the mirror 1 State how the experiment Va v^te^^ 
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Fig. 76, 



161. A Cmicatw Mirror collects rays 
we hold a small concave shaving -glass, 
toward the sunj it will collect the whole I 
that falls upon it into one point, calk 
Figure 76 will give i 
the manner in which 
strike a concave mir 
to a focus, and then d 
atifrle of reflexion is 
I angle of incidence } 
as in a plane min 
perpendicular to a ci 
is the radius of the circle of which tfo 
part* Thus, the line C B is the radiu 

Fig. 77, 





cave mirror, M N, and, in a circle, eve 
perpendicular to the surface. The su 
parallel to each other, or so nearly so, t 
be considered as parallel ; and when ra 
the mirror, in the lines A B and E G, 
fleeted on the other side of the perpehdi« 
ing in a common focus, F, which pint 
focus of parallel rays. Into this point. 
space around it, a concave mirror will co 

16L What is the office of a concave mirror 1 Ex 
ehaving-glaaB. What forms the perpendicular to a c 
What u the point called where paiatteV rcya m co\ 
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ef the sun, increasing in heat in the same proportion 
as the illuminated space at F is less than the whole 
surface of the mirror. In large concave miirors, 
the -heat at the focus often becomes very powerful, 
so as not only to set combustibles on fire, but even 
to melt the roost infusible substances. Hence the 
name focus, which means a burning point. If a lamp 
is placed at F, the rays of light proceeding from it in 
the lines F G and F B, will strike upon the mirror 
and be reflected back into the parallels, G £ and B A. 
We shall see hereafter how useful this property of 
concave mirrors, — to collect parallel rays of light into 
a focus, — is in the construction of that most noble of 
instruments, the telescope. <^*~ 

A Convex Mirror, on the other hand, separates rays 
of light from each other, still observing the same law, 
that of making the angle of incidence equal to the 




angle of reflexion. In figure 78, the parallel rays, 
A B, O D, E F, are represented as falling on a convex 
mirror, M N. A B and E F, being reflected to the 
other sides of the radii, C B and CF,m ro^mtaL 

14 
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from each other, and form the image at I, which h 
called the imaginary focus of parallel rays, became, it 
this point, the parallel rays that fall upon the minor 
seem to meet in a focus behind the mirror, and to 
diverge again into the lines B G and F H. 

162. Whenever the rays of light from the different 
parts of an object cross each other before forming the 
image, the image will be inverted. It is manifest from 
figure 79. that the light by which the top of the object 




is represented forms the bottom of the image, and the 
light from the bottom of the object forms the top of the 
image, the two sets of rays crossing each other at the 
hole in the screen. It is always essential to the dis- 
tinctness of an image, that the rays which proceed 
from every point in the object, should be arranged in 
corresponding points in the image, and should be un- 
accompanied by light from any other source. Now a 
screen like that in the figure, when interposed, per- 
mits only those rays from any point in the object that 
' are very near together and nearly parallel to each other, 
to pass through the opening, after which they continue 
straight forward and form the corresponding point of 
the image ; while rays coming from any other point in 
the object cannot fall upon the point occupied by the 
^- "^ 

162. In whaf case will the im^^«W^ 1 " >mw ^^wS£S!^5R 
Fig. 79. What is essential to the o*sivacu*» <* %hyb»%*\ ^ 
rays only does the screen permit to v»»^ 
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former pencil, but each finds an appropriate place of 
its own in the image, and all together make a faithful 
representation of the object. 

163. Concave mirrors form images of objects, by 

collecting the rays from each point of the object into 

corresponding points in the image, unaccompanied by 

rays from any other quarter. If the object be nearer 

Fi* 80. 

a 

A 




Fig. 81. 



than the focus, as in figure 80, a magnified image ap- 
pears behind the mirror, and in its natural position ; 
but if the object be between the focus and the center, 
the image is before the mirror, on the other side of the 
center, larger than the object, 
and inverted, as it is in fig- 
ure 81, where the small ar- 
row, A B, situated between 
the focus and the center of 
the mirror, is reflected into 
the image a b, inverted and 
larger than the object. These 
cases may be verified in a 
dark room, by placing a lamp 
at different distances from a 
concave mirror. As such' 
mirrors form their images in 
the air without any visible 

168. How do concave mirrors form image* \ NtYK&tab *&^v» 
meaner the mirror than the focus, how doea tab YKA%t v^k** 
Bow when it is further than the focuat YVovi mvj taoit «s**^ 
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support they have sometimes been em pic 
glers to produce apparitions of ghostly fig 
swords, and the like, which were made t 
terrific forms, white the apparatus by whic 
produced, was entirely concealed from th> 



Fi*e& 




A convex mirror gives a diminished image c 
placed before it, representing it in its natu 
and behind the mirror, as in figure 8% 

164. Refraction is the change of direction 
undergoes by passing out of one medium i 
When light passes out oJ 
dium, like air, into a dei 
like water, it is turned U 
pendicular ; when it pas 
dense into a rare mediui 
edfrom a perpendicular, 
ray of light, B 0, passes < 
IHf to water, it will not proa 
m * ss . l forward in the line C F, 
in the line C E, nearer 
pendicular, C H ; and light proceeding froi 
under water at E would, on passing into tl 
turn from the perpendicular into the line ( 




verified 1 What use is made of concave mirrors by ji 
do convex mirrors represent objects *\ 
164. Define refraction. How \a \\&ViV tefc^^ >i 
*tr into waters— out of water into ale 1 * "E.x\^y&*mi 
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glass 10 the eye, without change of di 
one image in its true place at A. But 
fall on the two oblique surfaces, have 
changed both in entering and in lea 1 
(as will be seen by following the rays 
so as to meet the eye in the directions 
Consequently, images of the candle a 
at holh these points, A multiptyii 
usually a great many surfaces inclined 
and the number of images it forms is 
great. 

156. This property of light — the 
its direction changed by refraction— ia 
very important and inter- j^ 

est i rig uses by means of 
i-emses. A lens is exem- 
plihii in a common sun- 
glass, (or even in a spec- 
tacle- ^1 ass,) and is either 
convex or concave. Con* 
vex tenses, like concave 
mirrors T collect rays of 1* 

light In Fig. bG, the parallel rays, 
are collected along with the central r 
^ing perpendicular to the surfaces of th« 
no refraction) into a cninmon focus in F< 
sun-glass, or a pair of convex spectach 
sun, the whole beam that falls upon the 
collected into a small space, forming a 
or focus, at a certain distance from the 
side opposite the sun, where it may be rt 
screen or sheet of white paper* A cono 



u\ 



A 



= 



166. To wh&r important und iiHerotiriE usea ia th< 

to utiderptt retracriyj) converted 1 What inst rumen 

fJwptirpt#e ? What is iht office of a convex Isoat 

M EMdmpieM in a sun-glnss and spteiactea- 
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treme rays cross each other in the center of 
and thus necessarily produce an inverted imi 
we must conceive of a great number of rays 
ing from every point in the object, and eac 
covering the who Is lens, which collects them s 
into distinct points, each occupying a separa 
in the image. 

168. If we place a lamp in the focus of a 
rays that proceed from it and pass through 
go out parallel, and will never come to a foci 
other side, so as to form an image, But if m 
the lamp farther from the lens T so as to make 
fall upon the lens in a state less diverging, tin 
collect them into a distinct image on the ot 
which image will be large in proportion as r 
distant from the lens. As the object is wi 
from the lens, the image approaches it ; when 
at equal distances from the lens, they are equa 
hut when the object is farther from the lens ' 
image, the image is less than the object. Th 
ciples lead to an understanding of those in 
and wonderful instruments, the Microscope 
Telescope j to which our attention will hereafti 
rected. 

Sec. 2. Of Colors. 

169. The philosophy of colors has been 
chiefly by means of the Prism. A Prism is 
gular piece of glass, usually four or five incl 
presenting three plane smooth surfaces, V 
look through the prism, all external objects a 



Lll 

foe 



IfiS, How do the rays go out vvh^n a lamp ia placed 
How when the tamp lb farther from the lens than the I 
iv Ihe size of the image affected by its distance from ihc te 
i* the image changed by wilfcdTtfmn^ ^ ta&^t 
Jfl?, Bv what instrument baa ita \ftto\«o^Vg tf utaR«\ 
ed f Define a pj(qm. What feppeutractft 4'ow'w Y™» 
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i most brilliant hues, diversified by the various colors 
the rainbow. The reason of this is, that light consists 
seven different colors, which, when in union with 
ch other, compose white light ; but when separated, 
pear each in its own peculiar hue. The different 
lore are as follows — violet, indigo, blue, green, yellow, 
ange, red. The prism separates the rays of solar 
rht, in consequence of their having the property of 
idergoing different degrees of refraction in passing 
rough it, the violet being turned most out of its course 
id the red least, and all the others differing among 
temselves in this respect, as is shown in the following 
iagram. E F represents the window shutter of a dark 

Fig. 89. 




oom, through a small opening in which a beam of solar 
ays shines. They fall on the prism, ABC, and are 
efracted, by which they are turned upward, but in 
iflerent degrees, the red least and the violet most. By 
his means they are separated from each other, and lie 
oe above another on the opposite wall, constituting 

»k through it 1 Why 1 Seven colore of \V« s^Vroxsv. ^\e* 
oem the pnan separate the different co\ore% T&^u&Yvi.^b. "N&«« 
%y we recompoee the spectrum into nYute \igjjuA 
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spectrum. 



the beautiful object called the solar speci 
may now introduce a double convex lens into 
spectrum, just behind the prism, and collect all 
rays which have been separated by the prism, and 
will recompose white light, The elongated speci 
on the wall, presenting the seven prima ry colors, 
vanish, and in the place of it will appear a round ir 
of tue sun as white as snow, 

170* Wo may now learn the reason why so n 
different colors appear when we look through the pi 
The leaves of a tree, for example, seem to send 
streams of red light on one side and of violet on 
other. The intermediate colors lap over, and pi 
neutralize each other, while on the margin each i 
exhibits its own proper hue, / 

lTfl* The ramb&w owes its brilliant colors to 
same cause, namely, the production of the indivj 
colors that compose solar light, in consequence 01 
separation they undergo by refraction in passing thn 
drops of water. Although drops of water are s 
objects, yet rays of light are still smaller, and 
abundant room to enter a drop of water on one mc 
be reflected from the opposite surface, and to paa 
on the other side, as is represented in the folio' 
figure. The solar beam enters the drop of rain, 
some portion (a very small portion is sufficient) t 
refracted to B, then reflected and finally refn 
again in leaving the drop, is conveyed to the 03 
the spectator. As in undergoing these two refract 
some rays are refracted more than others, cooseqw 
they are separated from each other, and coining t 
eye of the spectator in this divided state, produce 



170. Why do so many different colore appear when we 
through the prism 1 Explain the appearance of the leaves of 

J7I. To wnat does the rainbow ovie \\s cotaca % Explain lie 
separation of colors is produced. To vrtvax raxv <A \W\*>v» & 
line pam which joins the sun and the e^* o* va» vftfertstatA Yki 
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ei color. The spectator stands with his back to 
a, and a straight line passing from the sun through 

Fig. 90. 




e of the spectator, passes also through the center 
bow. When the sun is setting, so that this line 
ies horizontal, the summit of the bow reaches an 
le of about 42°, and the bow is then a semicircle. 

the sun is 42° high, the same line would pass 
jlow the opposite horizon, and the summit of the 
wild barely reach the horizon. When the sun 
ween these two altitudes, the bow rises as the 
escends, composing a larger and larger part of 
le, until, as the sun sets, it becomes an entire 
ircle. 

• The varied colors that adorn the face of nature, 
n in the morning and evening cloud, in the tints of 
s, in the plumage of birds and wings of certain 
?, and in the splendid hues of the precious gems, 
from the different qualities of different bodies 
ard to the power of refracting or of reflecting 

When a substance reflects all the prismatic 
In due proportion, its color is white ; when it 
« them all, its color is black ; and its color is blue, 

e top of the bow reach when the urn is letting 1 Where is 
the sua is 439 above tho western aotUMk'V NNX&Vtafemk 
en these two points 1 
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green, or yellow, when it happens to reflect oi 
colors, and to absorb all the others of the 
ThesfG hues are endlessly varied by the pow 
bodies have of reflecting a mixture of sot 
primary colore to the exclusion of others, < 
proportion producing a different shade. 



Sec. 3- Of Vision* 



tners, i 



173* Whenever we admit into a dark rooi 
an opening in the shutter, light reflected fro 
objects without, an inverted picture of the 
will be formed on the opposite wall, A roon 
exhibiting such a picture, is called a Camera 
In a lower which has a window opening u 
east, upon a beautiful public square, t 
churches and other public buildings, and 
trees, and the various objects of a populoi 
little dark chamber is fitted up for a camen 
having a white concave stuccoed wall oppc* 
window, ten feet from it, and all the other pa 
room painted black. The afternoon, when i 
shining bright in the west, and all objects a 
east present their enlightened sides toward th 
is the time for forming the picture. For thii 
a round hole about three inches in diameter, is 
in the shutter, which admits the only light 
enter the room. The room is made blai 
where except the wall that is to receive tb 
otherwise light would be reflected from diffe: 
of the room upon the picture ; whereas it is 
to its distinctness, that the image should 

172. How are the colors of natural objects produced 
the color white, or red, or blue 1 How are the colors i 

178, How may a picture be formed in a dark room 1 
calico 1 ? Describe the Camera Obscure, mentioned. 1 
Oflse far forming the picture 1 "VJVt ia tafe twtsi \a 
«X£#pt the wall opposite the wuufaw *\ 



OPTICS. 109 

lied by light from any other source. Die wall 

to receive the picture is made concave, so that 
part of it may be equally distant from the orifice 
shutter. 

We now close the shutter, and instantly there 
s on the opposite wall a large picture, repre* 
; all the varied objects of the landscape seen 
le window, as churches, houses, trees, men and 
., carriages and horses, and in short every thing 

in view of the window, including the blue sky, 

few white clouds that are sailing through it. 
s represented in its proportionate size and color, 

it is moving, in its true motion. Two circum- 
i, only, impair the beauty of the picture ; one 

it is not perfectly distinct, the other, that it is 
d — the trees appear to grow downward, and the 
to walk with their feet above their heads. The 
i appears indistinct, because the opening in the 
' is so large that rays coming from different ob- 
all upon the picture and mix together, whereas 
oint in the image must be formed alone of rays 
; from a corresponding point in the object. We 
erefore diminish the size of the opening by cov- 
t with a slide containing several holes of differ- 
59. We will first reduce the diameter to an 

The picture is now much more distinct, but yet 
rfectly well defined. We will therefore move 
de, and reduce the opening to half an inch, 
le objects are perfectly well defined, for through 
11 an opening none but the central ray, or axis, 
i pencil can enter, and each axis will strike the 
e wall in a point distinct from all the rest. But 

the picture is no longer confused, yet it lacks 
less, for so few rays scattered over so large a 

)n closing the shatter, what appearance \R*te.\ft. tatT&- 
Wb*t two circumstances impair thebeanW oifc» vkXxbsA 
Btinct—How rendered more disUncV— "NnVkj ^«M fcefcsro 
15 
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surface* are insufficient to form a bright 
will now remove the slide, open the origi 
throe inches, which lets in a great abundo 
and we will place immediately before 
(within the room,) a convex lens of ter 
which will collect all the scattered rays i 
foci, and thus form a picture atoncedistini 
so that the most delicate objects without, as t 
of the leaves of the trees, and the mi nut© 
animals, are all very plainly discernible 
thing is wanting to make the picture peril 
Is, to turn it right side upward. This r 
and is done in some forms of the camera o 
for our present purpose, which is to illustr 
ciples of the eye, where the image forme* 



verted, it is better as it is. 
Fig. 91. 



175. The ( 

mera obscun 
analogy betw< 
cipal parts an 
vances emplo 
a picture of 
jeets, as in tl 
dark chamber 
very striking 
son. Figure £ 
the human ey 
circular cham 
black on all sides except the back part, ca 
Una, which is a delicate white membra 
finest gauze, spread to receive the image, 
part of the eye, A, is a lens of a shape exa 
to the purpose it is intended to serve, wl 




when the orifice is small— What does the picture noi 
tommke it at once well de&tied audY>T\%YiV\ 
175. Analogy ot the eye to the Camw* Otowww% 
Fig *&1. 



eye from Fig 
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forward so as to receive the light that comes in side- 
wise, and guides it into the eye. The pupil is an 
opening between c and c, like the opening in the win- 
dow shutter, just behind which is a convex lens, B, 
which collects all the scattered rays, and brings each 
pencil to a separate focus, where they unite in forming 
a bright and beautifully distinct image of all external 
objects. O represents the optic nerve, by which the 
sensations made on the retina are conveyed to the brain. 
The substances with which the several parts of the eye, 
A, B, and C, are filled, are limpid and transparent, and 
purer than the clearest crystal. 

176. It is essential to distinct vision, that the rays 
which enter the eye should be brought accurately to 
a focus at the place of the retina ; and in ninety-nine 
cases out of a hundred, this adjustment is perfect. But 
in a few instances, the lens, B, called the crystalline 
humor, is too convex, and then the image is formed be- 
fore it reaches the retina. This is the case with near- 
sighted people. Their eyes are too convex ; but by 
wearing a pair of concave spectacles, they can destroy 
the excess of convexity in the eye, and then the crys- 
talline lens will bring the light to a focus on the retina 
and the sight will be distinct. Sometimes, particularly 
as old age advances, the crystalline lens becomes less 
convex, and does not bring the rays to a focus soon 
enough, but they meet the retina before they have come 
accurately to a focus, and form a confused image. In 
this case a pair of convex spectacles aids the crystal- 
line lens, and both together cause the image to fall ex- 
actly on the retina. As a piece of mechanism, the eye 
is unequalled for its beauty and perfection, and no part 
of the creation proclaims more distinctly both the ex- 
istence and the wisdom of the Creator. 

176. What is essential to distinct vision 1 ImveifecUo^ titafeVGA 
crystalline lens is too convex— how remedied— a.W> nnYv*^ ywqX tose 
mi enough— remedy 1 Perfection of the ey*>. 



I 
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Sec. 4. Of the Microscope. 

177. The Microscope is an optical instrument, de. 
signed to aid the eye in the inspection of minute object* 
The simplest microscope is a convex lens, like a spec- 
tacle glass. This, when applied to small objects, at 
the letters of a book, renders them both larger and more 
distinct. When an object is brought nearer and near- 
er to the eye, we finally reach a point within which 
vision begins to grow imperfect. That point is called 
the limit of distinct vision. Its distance is about fife 
inches. If the object be brought nearer than this dis- 
tance, the rays come to the eye too diverging for the 
lenses of the eye to bring them to a focus soon enough, 
so as to make their image fall exactly on the retina. 
Moreover, the rays which proceed from the extreme | 
parts of the object, meet the eye too obliquely to be ' 
brought to the same focus with those rays which meet 

it more directly, and hence contribute only to confuse 
the picture. 

178. We may verify these remarks by bringing 
gradually toward the eye a printed page with small 
letters. When the letters are within two or three 
inches of the eye, they are blended together and noth- 
ing is seen distinctly. If we now make a pin-hole 
through a piece of paper, and look at the same letters 
tli rough this, we find them rendered far more distinct 
than before at near distances, and larger than ordina- 
ry. Their greater distinctness is owing to the exclu- 
sion of those oblique rays which, not being brought by 
the eye to the same focus with the central rays, only 
tend to confuse the image formed by the latter. As 

177. Define the microscope. "What is the simplest form of the 

microscope'! Its, effect upon the letters of a book. What is the 

Yimit of distinct vision 1 Why do oV\cc\a wp^evt y&&is&ymx ^»\»k* 

nearer than this 1 ^ . w x 

m 178. Example in a printed page— ^PV«^^- xVxo ^^a\JSS:^^ 

To what is the greater aisunctn^oVuig^^^^^^^^^^** 
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y the central raja of each pencil can enter so small 
orifice, the picture is made up chiefly of the axes 
all the pencils. These occupy each a separate 
at in the image, a point where no other rays can 
ch. The increased magnitude of the letters is owing 
heir being seen nearer than ordinary, and thus un- 

a greater angle, and of course magnified. 
L79. A convex lens acts much on the same princi- 
s» but is still more effectual. It does not exclude 

oblique rays, but it diminishes their obliquity so 
ch as to enable the eye to bring them to a focus, 
he distance of the retina, and thus makes them con. 
tute to the brightness of the picture. The object is 
pnfied, as before, because it is seen nearer, and 
tsequently under a larger angle, so that the eye can 
inctly recognise minute portions of the object, 
ich were before invisible, because they did not oc- 
>y a sufficient space on the retina. Lenses havo 
ater magnifying power in proportion as the convex- 

is greater, and of course the focal distance loss. 
ce the magnifying power of the microscope arises 
rn its enabling us to see objects nearer and under a 
ger angle, that power is increased in proportion as 

focal distance is less than the limit of distinct vis- 
. The latter being five inches, a lens which has 
xsal distance of one inch, by enabling us to sec tho 
ect five times nearer, enlarges its length and breadth 
:h five times, and its surface twenty-five times, 
rises have been made capable of affording a distinct 
ige of very minute objects, when their focal di fl- 
ees were only one-sixtieth of an inch. In this case, 

magnifying power would be as one-sixtieth to five ; 



19. Explain the mode in which a convex lens acts. Why it 
let objects appear brighter and larger. What learn* have th« 
itest magnifying power 1 Power oi' tXeuftot <ywtVsKtoA<cKH*— 
ae Bixiieth of an inch focus. 

15* 

i 
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or it would magnify the length and breadth eacl 
times, and the surface 90 ? 000 times, 

180. The Magic Lantern and SoIjit Microscope 
their astonishing effects to the magnifying powei 
simple lens. When the image so much excctt 
object in magnitude, were the object only enligl 
by the common light of day, when it came to be 
sed over so great a space, it would be very ie<bW 
the image would be obscure and perhaps invi 
The two instruments just named, have each an 
ratus connected with the magnifying lens, which t 
to illuminate the object highly, so that when the 
tbat proceed from it and form the enlarged ima^ 
spread over so great a space, they may still be 
cient to render the image bright and distinctly vi 
Fig. 92. 




181. In the Magic Lantern, the illumination 
forded by a lamp, the light of which is reflect ec 
a concave mirror placed behind it, which mak 
ight on that side return to unite with the direct 

180. To what are the effects of the Magic Lantern and th 
Microscope owing 1 Use of all the other parts of the appara 
cept the magnifier 1 
181. How is the illumination effected Vn\\ve. TxwgicA«xftsx< 
scribe Fig. 92. What sort3 of objects at* wdwtortXft^A 
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if the lamp, so that both fall on a large lens which col. 
ects them upon the object, thus strongly illuminating 
t. The foregoing diagram exhibits such a lantern, 
vhere the concave mirror behind is seen to reflect 
»ck the light to unite with that which proceeds di- 
rectly from the lamp, so that both fall on the large con- 
rex lens at C, which collects them upon the object at 
B. This is usually painted in transparent colors on 
'lass, and may be a likeness of some individual, small 
in the picture, but when magnified by the lens, A, and 
the image thrown on a screen or wall, F, will appear 
as large as life, and in strong colors ; or the objects 
may be views of the heavenly bodies, which are thus 
often rendered very striking and interesting ; or they 
may illustrate some department of natural history, as 
birds, fishes, or plants. 

182. The Solar Microscope is the same in princi- 
ple with the Magic Lantern, but the light of the sun 
instead of that of a lamp is employed to illuminate the 
object. As a powerful light may thus be commanded, 
very great magnifiers can be employed ; for if the ob- 
ject is highly illuminated, the image will not be feeble 
or obscure when spread over a great space. By means 
of this instrument, the eels in vinegar, which are usu- 
ally so small as to be invisible to the naked eye, may 
be made to appear six feet in length, and, as their mo- 
tions as well as dimensions are magnified, they will 
appear to dart about with surprising velocity. The 
finest works of art, when exhibited in this instrument, 
appear exceedingly coarse and imperfect. The eye 
of a finished cambric needle appears full of rough pro- 
jections ; the blade of a razor looks like a saw ; and 
the finest muslin exhibits threads as large as the cable 
of a ship. Thus, the small and almost invisible insect 

182. Solar Microscope, how it differs from \Vvt "W»gLt\jMAst\^B— 
Why greuter magnifiers can be need— aTOtewroLuefe rf ^* «*^ >»• 
rioeg&r. How do the works of art appeal \ How witt&YDBfc^^ 
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represented in figure 93, gives out, when nit 
so few rays, that when spread over the largi 
of the image, the light would he too feeble 1 
the image visible; but, on strongly illumini 




insect by concentrating upon it a large beai 
sun's light, the image becomes distinct and t 
although perhaps a million times as large as tr 
Even the minute parts of the insect, as the hai 
legs, are revealed to us by the microscope. 

Sec. 5. Of the Telescope. 

183. The Telescope is an instrument emp] 
viewing distant objects. It aids the eye in t* 
first, by enlarging the angle under which ob 
seen, and, secondly, by collecting and con\ 
the eye a much larger amount of the light 
ceeds from the object, than would enter the ni 
pii. We first form an image of a distant a 

■■J 1 ■ r 

188. Define the Telescope. la<wY»t vwow*%fc**\\ 
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moon, for example, and then magnify that image by a 
microscope. The image may be formed either by a 
concave mirror or a convex lens, for both, as we have 
seen, form images. Although we cannot go to distant 
objects, as the moon and planets, so as lo view them 
under the enlarged dimensions in which they would 
then appear, yet by applying a microscope to tha image 
of one of those bodies, we may make it appear as it 
would do were we to come much nearer to it. To ap- 
ply a microscope which magnifies a hundred times, is 
the same thing as to approach a hundred times nearer 
to the body. 

Fig. 94. 




184. Let A B C D represent the tube of the tele- 
scope. At the front end, or the end which is directed 
toward the object, (which we will suppose to be the 
moon,) is inserted a convex lens, L, which receives the 
rays of light from the moon, and collects them into the 
focus at a, forming an image of the moon. This 
image is viewed by a magnifier attached to the end, 
B C. The lens, L, is called the object-glass, and the 
microscope, in B C, the eye-glass. A few rays of light 
only from a distant object, as a star, can enter so small 

8tate the main principle of this instrument. How may the image 
be formed 1 How it brings objects nearer to us. 

184. Describe the telescope as represented m%^\. ^owxwg- 
the object-glim, and the eye-glass. What \b the wt cA «A«tft£> <&- 
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a space as the pupil of the eye ; but a lens one fc 
diameter will collect a beam of light equal to a cyl 
der of the same dimensions, and convey it to the 
Tbe object- glass merely forms an image of the ol 
but docs not magnify \ the microscope or eye-gl 
magnifies. By these means, many obscure eel 
objects become distinctly visible, which would ol 
wise be too minute, or not sufficiently luminous, to 
seen by us, A telescope like the foregoing, ha 1 
simply an object-glass and an eye-glass, inverts 
jects, since the rays cross each other before they fc 
tbe image. By employing more lenses, it may 
turned back again, so as to appear m its natural 
tion, as is usually done in spy -glasses, or the small 
telescopes used in the daytime.. But since every le 
absorbs and extinguishes a certain portion of the ligt 
and since, in viewing the heavenly bodies, we usual 
wish to save as much of the light as possible, astf 
nomical telescopes are constructed with these tv 
glasses only. 

185. Instead of the convex object-glass, we mi 
employ the concave mirror to form the image. Wh< 
the lens is used, the instrument is called a refracta 
telescope ; when a concave mirror is used, it is calli 
a reflecting telescope. Large reflectors are more eaai 
made than large refractors, since a concave mirr 
may be made of any size ; whereas, it is very diffici; 
to obtain glass that is sufficiently pure for this purpo 
above a few inches in diameter, although Refracto 
are more perfect instruments than Reflectors, in pr 
portion to their size. Sir William Herschel, a gre 
astronomer of England, of the last century, made 

ject-glass 1 Which glass collects the light— which magnifies 1 C 
the image be made to appear erect 1 Why not done in the asti 
nomicaftelescope 1 

135. Point out the distinction, between. iefi%stan% vxAxsftftsJs 
telescopes. Give an account of RetacbeY* f?«tx\xta*fca\fc« 
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jcting telescope forty feet in length, with a concave 
for more than four feet in diameter. The mirror 
ye 'weighed nearly a ton. So large and heavy an 
rument must require a vast deal of machinery to 
k it and keep it steady ; and accordingly, the frame- 
•k surrounding it was formed of heavy timbers, and 
smbled the frame of a house. When one of the 

rst of the fixed stars, as Sirius, was entering the 
of this telescope, its approach was announced by 
•right dawn, like that which precedes the rising sun; 
1 when the star itself entered the field, the light was 
dazzling to be seen without a colored glass to pro- 
t the eye. 

The telescope has made us acquainted with innu- 
jrable worlds, many of which are fitted up in a style 
far greater magnificence than ouf own. To the in- 
resting and ennobling study of these, let us next di 
ct our attention. 
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ASTRONOMY. 



CHAPTER 1. 



DOCTRINE OF THE SPHERE. 

DEFINITIONS — DIURNAL REVOLUTIONS. 

186. Astronomy is that science which treats of the 
heavenly bodies. More particularly, its object is to 
teach what is known respecting the Sun, Moon, Planets, 
Comets, and Fixed Stars ; and also to explain the 
methods by which this knowledge is acquired. 

187. Astronomy is the oldest science in the world ; 
but it was cultivated among the ancients chiefly for the 
purposes of Astrology. Astrology was the art of fore- 
telling future events by the stars. Its disciples pro- 
fessed especially to be able to tell from the appearance 
of the stars at the time of any one's birth, what would 
be his course and destiny through life ; and, respecting 
any country, and public events, what would be 
their fate, what revolutions they would undergo, what 
wars and other calamities they would suffer, or what 
good fortune they would experience. Visionary as 



186. Define Astronomy— What is hi object 1 

187. Antiquity of the science— For what puxpoee N**» \\ u&vw*k& 
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this art was, it nevertheless led to the careful < 
vation and study of the heavenly bodies, and thu 
the foundations of the beautiful temple of model 
tronomy. 

188. Astronomy is a delightful and interesting i 
when clearly understood ; hut it is very necessar 
clear understanding of it, that the learner should 
for himself, and labor to form an idea in his m 
the exact meaning of all the circles, lines, and 
of the sphere, as they are successively defined 
if any thing at first appears obscure, he may be at 
that by patient thought it will clear up and bi 
easy, and then he will understand the great macl 
of the heavens as easily as he does that of a 
"Patient thought," was the motto of Sir Isaac 
ton, the greatest astronomer that ever lived ; a 
other way has yet been discovered of obtaining a 
knowledge of this sublime science, 

189. Let us imagine ourselves standing on a 
ball, (for such is the earth,) in a clear evening, 
though the earth is large, compared with man ai 
works, yet it is very small, compared with th 
extent of the space in which the heavenly bodies 
When we look upward and around us at the 
heavens, we must conceive of ourselves as sti 
on a small ball, which is encircled by the stars 
sides of it alike, as is represented over the leaf 
we must consider ourselves as bound to the eai 
an invisible force, (gravity,) as truly as thouj 
were lashed to it with cords. We are, theref 
no more danger of falling off, than needles are c 



among the ancients 1 Define astrology. What did its discij 
fees 1 To what good did it lead 1 

188. What is necessary to a clear understanding of Astn 
What was the motto of Newton 1, 

189. Where shall we imagine onroeVjea ttandvc^t Wtw 
ci the aize of the earth 1 Are penom o&aYa a^MSfe «" 
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iog from a magnet or loadstone, when they are attacned 
to It on all sides. We must thus familiarize ourselves 
to the idea that up and duum are not absolute directions 

Fig. 95. 




in space, but we must endeavor to make it seem to us 
up in all directions from the center of the earth, and 
down on all sides toward the center. If people on the 
opposite side of the globe seem to us to have their 
beads downward, we seem to them to have ours in the 
same position ; and, twelve hours hence, we shall be 
in their situation and they in ours. We see but half 
the heavens at once, because the earth hides the other 
part from us ; but if we imagine the earth to grow less 
and less until it dwindles to a point, so as not to ob- 
struct our view in any direction, then we should see 
ourselves standing in the middle of a vast starry sphere, 
encompassing us alike on all sides. It is such a view 

earth in danger of falling offl What idea must we form of up a ad 
■ t How should we view the tavreut \l ^afc ««$&. n**x* %» 
I mm not to obstruct our view \ 
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of the heavens that the astronomer baa continually ■ 
the eye of his mind. 

190. We are apt to bring along with us the first 
impressions. of childhood ; namely, that the sun, moon, 
and stars, are all fixed on the surface of the sky, which 
we imagine to be a real surface, like that of an arched 
ceiling ; but it is time now to dismiss such childish no- 
tions, and to raise our thoughts to more just views of 
the creation. Our eyesight is so limited that we can- 
not distinguish between different distances, except 
for a moderate extent ; beyond, all objects seem to us 
at the same distance, whether they are a hundred or a 
million miles off. The termination of this extent of 
our vision being at equal distances on all sides of us, 
we appear to stand under a vast dome, which we call 
the sky. The azure color of the sky, when clear, is 
nothing else than that of the atmosphere itself, which, 
though colorless when seen in a small volume, betrays 
a hue peculiar to itself when seen through its whole 
extent. Were it not for the atmosphere, the sky would 
appear black, and the stars would seem to be so many 
gems set in a black ground. 

191. For the purpose of determining the relative 
situation of places, both on the earth and in the heav- 
ens, the various circles of the sphere are devised; 
but before contemplating the sphere marked up as ar- 
tificial representations of it are, we must think of our- 
selves as standing on the earth, as on a point in the 
midst of boundless space, and see, with our mental eye, 
the pure sphere of the heavens, undefaced with any 
such rude lines. If we could place ourselves on any 

190. What erroneous conceptions are we apt to form in childhood 
of the nun, moon, and stars % Impossibility of dwtiaguishinff differ- 
ent distances by the eye. Under what do we appear to stand 1 To 
what is the blue color of the eky ©fTvc^ 

191. For what purpose ate the cvw\e% o*.™ *$»*^ rc'iSrj 
What mux we do^before Blud™* the ^^STX^S^ 
the sphere ? If we could Btaud ou one «£ \he *»**» ^^ ™™> 
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one of the stars, we should see a starry firmament over 
our heads, similar to that we see now. But although 
we obtain the most correct and agreeable, as well as 
the most sublime views of the heavenly bodies, when 
we think of them as they are in nature — bodies scat- 
tered at great distances from each other, through bound- 
less space — yet we cannot make much progress in th 
science of astronomy, unless we learn the artificial v. 
visions of the sphere. Let us, therefore, now turn our 
attention to these. 

192. The definitions of the different lines, points, 
and circles, which are used in astronomy, and the 
propositions founded on them, compose the doctrine of 
the sphere. Before these definitions are given, let us 
attend to a few particulars respecting the method of 
measuring angles. (See Fig. 96.) A line drawn 

from the center to the 
Kg* 9 6 * circumference of a cir- 

cle, is called a radius, as 
C D, C B, or C K. Any 
part of the circumfer- 
ence of a circle is called 
an arc, as A B, or B D. 
An angle is measured by 
an arc, included between 
two radii. Thus, in fig- 
ure 96, the angle in- 
cluded between the two 
radii, C A and C B, that 
is, the angle A C B, is 
measured by the arc A B. Every circle is divided 
into 860 equal parts, called degrees ; and any arc, as 
A B, contains a certain number of degrees, according 




tee 1 When do we obtain the most agreeable and sublime views of 
the heavenly bodieB 1 What else Va twscewwrj Xo o\\x ^t<^ra&\ . 
Mtt Defoe the doctrine of the sphere . 'WY^xNa^ \*Sv» *& ^ *» 
*«?— an angle 1 Explain, by ¥\%. %&. "Vsfta'W* towmj * 
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to its length. Thus, if an arc, A B, contains 4fl 

degrees, then the opposite angle is said to be an angle 
of 40 degrees, and to he measured by A B. Bui this 
arc is the same part of the smaller circle that E Pis 
of the greater. The arc A B, therefore, contains the 
same number of degrees as the arc E F, and either 
may be taken as tl>c measure of {he angle ACB. As 
the whole circle contains 360 degrees, it is evident that 
the quarter of a circle, or quadrant, contains 00 degrees, 
and thai the semi-circle contains 180 degrees. 

193. A section of a sphere, cut through in any 
direction, is a circle. Great circles are those which 
pass through the center of a sphere, and divide it into 
two equal hemispheres. Small circles are such as do 
not pass through the center, but divide the sphere into 
two unequal parts. This distinction may be easily 
exemplified hy cutting an apple first through the center, 
and then through any olher part,* The first section 
will he a great, and the second a small circle. The 
axis of a circle is a straight line passing through its 
center at right angles to its plane. If you cut a circle 
out of pasteboard, and thrust a needle through the center, 
perpendicularly, it will represent the axis of the circle. 
The pole of a great circle, is the point on the sphere 
where its axis cuts through the sphere. Every great 
circle has two poles, each of which is everywhere 90 
degrees from that circle. All great circles of the sphere 
cut each other in two points, diametrically opposite, and 
consequently their points of section are 180 degrees 

* It is strongly recommended that young learners be taught to verify the de- 
finitions in the manner here proposed. 

1 I S 

Sees is every circle divided 1 Does the arc of a small circle contain 
e same number of degrees as the corresponding arc of a large 
circle 1 How many degrees in a quadrant — in a semi-circle 1 

193. "What figure does any section of a sphere produce 1 Define 
great circles— small circles. How may \\w» &\&\w*.\o\v te «xemoti- 
tied ? Define the axis of a circte^ihe \w>\e. \tow iokks \*ta»\aMt 
every great circle 1 How many degrees ielVie x»\e twsavo*«r 
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apart. Thus, if we cut the apple through the center, 
in two different directions, we shall find that th'j point* 
where the circles intersect one another, an? directly 
opposite to each other, and hence the distance between 
them is half round the apple, and, of course, 1M) de- 
grees. A point on the sphere, 90 degrees distant frrrm 
any great circle, is the pole of that circle ; and every 
circle on the globe, drawn from the pole to the ei re u in- 
ference of any circle, is at right angles to it. Sueh a 
circle is called a secondary of the circle through whom 
pole it passes. 

104. In order to fix the position of any plac, either 
on the surface of the earth or in the heaverm, both the 
earth and the heavens are conceived to he divided into 
separate portions, by circles which are imagined to cut 
through them in various ways. The' earth, thus 
intersected; is called the terrestrial, and the heavens 
the celestial sphere. The great circle* dene ri lied on 
the earth, extended to meet the concave sphere of tha 
heavens, become circles of the celestial sphere. 

The Horizon is the great circle which divide** the 
earth into upper and lower hemispheres, arid w pa rates 
the visible heavens from the invisible. This is the 
rational horizon : the sensible horizon is a circle touch- 
ing the earth at the place of the spectator, and it? 
bounded by the line in which the earth and sky seem 
to meet. The poles of the horizon are the zenith and 
nadir. The zenith is the point directly over our hearls ; 
the nadir, that directly under our feet. The plumb- 
line, (such as is formed by suspending a bullet by a 
string,) coincides with the axis of the horizon, and 
consequently is directed toward its poles. Every 

ference 1 How does a great circle passing through the pole of another 
great circle cut the circle 1 What is such a circle called 1 

194. How are the earth and heavens conceived to be divided* 

What is the terrestrial, and what the ce\esXts\ «v^et*\ Yiww *a 

terrestrial circles become celestial 1 Define iVie Yiotykwv. \Sva9L\t^»»^ 

between the rational and the sensible horwm. T>efcofc v\ftw«™ 

2 
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place on the surface of the earth has its own horizon; 
and the traveller has a new horizon at every step, 
always extending 90 degrees from him in every 
direction. 

195. Vertical circles are those which pass through 
the poles of the horizon, (the zenith and nadir,) perpen- 
dicular to it. The Meridian is that vertical circle 
which passes through the north and south points. The 1 
Prime Vertical, is that vertical circle which paseei | 
through the east and west points. The altitude of t 
heavenly body, is its elevation above the horizon, 
measured on a vertical circle ; the azimuth of a body 
is its distance, measured on the horizon, from the meri- 
dian to a vertical circle passing through that body ; and 
the amplitude of a body is its distance, on the horizon, 
north or south of the prime vertical. 

196. In order to make these definitions intelligible 
and familiar, I invite the young learner, who is anxious 
to acquire clear ideas in astronomy, to accompany me 
some fine evening under the open sky, where we can 
have an unobstructed view in all directions. A ship 
at sea would afford the best view for our purpose, but 
a level plain of great extent will do very well. We 
carry the eye all round the line in which the sky seems 
to rest upon the earth : this is the horizon. I hold a 
line with a bullet suspended, and this shows me the 
true direction of the axis of the horizon ; and I look 
upward in the direction of this line to the zenith, 
directly over my head, and downward toward the 
nadir. If I mark the position of a star exactly in the 
zenith, as indicated by the position of the plumb-line, 

and nadir. Toward what points is the plumb line directed 1 How 
many horizons can be imagined 1 

19a. Define vertical circles— the meridian— the prime Tertical— 
altitude— azimuth— amplitude. 4 

196. What is proposed in order to make these definitions inteltt 
gibie and familiar 1 What situation wou\& *«<wA vk\*Aivw\ 
Describe how we shall successive Vy denote the ^usY&ou ** ^* ,M " a * 
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and then turn round and look upward toward the zenith, 
I shall probably not see the star, because T do not look 
high enough. Most people will find, if they first fix 
upon a star as being in the zenith when their faces are 
toward the south, and then turning round to the north, 
fix upon another star as near the zenith, (without 
reference to the first,) they will find that the two stars 
are several degrees apart, the true zenith being half 
way between them. This arises from the difT-culty of 
looking directly upward. 

197. Having fixed upon the position of the zenith, I 
will point my finger to it, and carry the finger down to 
the horizon, repeating the operation a number of times, 
from the zenith to different points of the horizon : the 
arcs which my finger may be conceived to trace out 
on the face of the sky, are arcs of vertical eirele*. I 
will now direct my finger toward the north point of 
the horizon, (having previously ascertained its portion 
by a compass,) and carry it upward through th« 
zenith, and down to the south point of the horizon : 
this is the meridian. From the south y >'.;.•. I oa/ry 
my finger along the horizon, first toward *';.<■. «..v.\ 
and then toward the west, and I measure off *>f;>. of 
azimuth. I might do the same from the i/,r'u y»u\ 
for azimuth is reckoned east and west from *.\ s u* r the 
north or the south point. I will apaun #;I;»*;t ti,y 
finger to the western point of the horizon. utA '.mty 
it upward through the zenith to the ea>.?. i//*i.\ hi A 
I shall trace out the prime verti<;&.\ Vi'nn M, .«»«., 
either on the eastern or the we*V;.'n >a*U , if I 
carry my finger along the horizon, i/^u \nA :v/u«h, 
1 shall trace out arcs of amp! hud*, J v,j;! fiMiJIy Um 



the horizon— the zenith *wi zjci.r hA'.~/.*/ */ lv,/ .».•/ tUi* > 0/ u# 
the zenith. 

197. How to m*rk w -*..*': ••+ f.-.'/i >*fV.*! / . f * * ... n,« m **\ 
dian— arcs oi az. u, -j ri — t..*-. ys.** *»-•* ,«.*". %\**.*t. i.m>.. »V.» •*»■« 
nt ikitudc 1 ' 
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ny eye on a certain bright star, and try to determine 
iow far it is above the horizon. This will be its alti- 
utie. It appears to be about one third of the way 
rom the horizon to the zenith ; then its altitude is 30 
egrecs. But we are apt to estimate the number of 
egrecs near the horizon too large, and near the zenith 
>o small, and therefore 1 look again more attentively, 
taking some allowance for this source of error, and 
judge the altitude of the star to be about 27 degrees, 
nd of course its zenith distance 63 degrees. 

198. The Axis of the earth, h the diameter on which 
le earth is conceived to turn in its daily revolution 
-om west to east. The same line continued until it 
leets the concave of the heavens, constitutes the am 
" the celestial spltere. We will take a large round 
>ple t and mn a knitting-needle through it in the di- 
scition of the eye and stern. The part of this that 
»s within the apple, represents the a.xis of the earth, 
id its prolongation (conceived to bo continued to the 
y,) the axis of the heavens. We do not suppose 
at there is any such actual line on which the earth 
i-ns, any more than there is in a top on which it 
ins; but it is nevertheless convenient to imagine 
izh a line, and to represent it by a wire.* The pofef 
the earih are the extremities of the earth's axis; 
zz pahs of tJie heavens are the extremities of the ee- 
$tial axis. 

199. The Equator is a great circle, cutting the axis 
the earth at right angles. The intersection of the 
3tne of the equator with the surface of the earth, COII- 
Experience shows tbat It is necessary to guard young learners from the 
9. r nl gupposinff ihat our artificial representations of the sphere actually 
t-«*ent things us they are lu uature. 



S?"«« : i .i he RX,S of f , h ? ear *h— axis of the celestial spnere. 
Z,»r,n,ir ^P^^d by means of an apple! Is thefe any 
rt ac(ual line on which \V\e e*n\\ v\tu»A \Svs\v£w&&t Wweeattie 
a oi me earth and live po\«* oV v\vt Wn««&. 
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ttitutes the terrestrial, and its intersection with the 
concave sphere of the heavens, the celestial equator. 
We have before seen (Art. 195) that every place on the 
earth has its own horizon. Wherever one stands on 
the earth, he seems to be in the center of a circle 
which bounds his view. If he is at the equator, this 
circle passes through both the poles; or, in other 
words, at the equator the poles lie in the horizon. 
Let us imagine ourselves standing there on the 21st 
of March, when the sun rises due east and sets due 
west, and appears to move all day in the celestial 
equator, and let us think how it would seem to see the 
sun, at noon, directly over our heads, and at night to 
see the north star just glimmering on the north point 
of the horizon. If we sail northward from the equa- 
tor, the north star rises just as many degrees above the 
horizon as we depart from the equator ; so that by the 
time we reach the part of the globe where we live, 
the north star has risen almost half way to the zenith, 
and the axis of the sphere which points toward the 
north star, seems to have changed its place as we have 
changed ours, and to have risen up so as to make a 
large angle with the horizon, and the sun no longer 
mounts to the zenith at noon. 

200. Now it is not the earth that has shifted its po- 
sition ; this constantly maintains the same place, and 
so does the equator and the earth's axis. Our horizon 
it is that has changed ; as we left the equator, a new 
horizon succeeded at every step, reaching constantly 
farther and farther beyond the pole of the earth, or 
dipping constantly more and more below the celestial 
pole ; but being insensible of this change in our hori- 

199. Define the equator. Distinction between the terrestrial and 
the celestial equator. Where do the poles of the equator fie 1 How 
would the sun appear to move to a spectator on the equator'! 
Where would the north star appear 1 How,vrtiewvie «w\TOifta<N?a& 
ftom the equator 1 Wh-u apparent change in \Vve eatf&Ca wu&\ 
MKK What has caused these change* 1 If vie, «n\ wai\\& \» >&r wsw 
2* 






wuuiu nave suiik quite uuw n 10 me nc 
the sun, instead of mounting up to th 
just skims along the horizon all day ; 
seasons of the year when the sun is sou 
all the stars appear to revolve in circl 
horizon, the circles of revolution con 
less as we look higher and higher, 
which are near the zenith scarcely a 
at all. Those who sail from the eqi 
pole, and see the apparent paths of t 
change so much, can hardly help beli 
bodies have been changing their cours 
appearances arise merely from the sj 
ing his own horizon, that is, consta 
ones, which cut the axis of the earth 
gles. 

201. The Latitude of a place on th< 
lance from the equator, north or sou 
tude of a place is its distance fror 
meridian, east or west. The meridh 
as the standard, is that of the obscn 
wich, near London ; and when we sa 
tude of New York is 74 degrees, w 
meridian of New York cuts the cqi 
west of the point where the meridia 
cuts it. 

202. The Ecliptic is the great cir 
earth performs its annual revolution 
If passes through the center of the ea: 
tor of the sun. It is found, by obso 
earth does not lie with its axis perp 

pole, where will the north star appear ? When 
would the sun and Mure appear to TevoWe. uvvV 
201. Define the latitude of a u\\iee on \\\e « 
from what place is it reckoned . 
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plane of the ecliptic, so as to make the equator coin- 
cide with it, but that it is turned about 23£ degrees 
out of a perpendicular direction, making an angle with 
the plane itself of 66| degrees. The equator, there- 
fore, must be turned the same distance out of a coin- 
cidence with the ecliptic, the two circles making an 
angle with each other of 23£ degrees. The Equinoc- 
tial Points, or Equinoxes, are the points where the 
ecliptic and equator cross each other. The time when 
the sun crosses the equator in going northward, is 
called the vernal, and in returning southward, the au- 
tumnal equinox. The vernal equinox occurs about 
the 21st of March, and the autumal about the 22d of 
September. The Solstitial Points are the two points 
of the ecliptic most distant from the equator. The 
times when the sun comes to them are called the Sol- 
stices. The summer solstice occurs about the 22d 
of June, and the winter solstice about the 22d of De- 
cember. 

203. The ecliptic is divided into twelve equal parts, 
of 30 degrees each, called Signs, which, beginning at 
the vernal equinox, succeed each other in the follow- 
ing order, being each distinguished by characters or 
symbols, by which the student should be able to re- 
cognise the signs to which they severally belong when- 
ever he meets with them. 



1. Aries, 


°l° 


7. Libra, 


./v 


2. Taurus, 


» 


8. Scorpio, 


m 


3. Gemini, 


n 


9. Sagittarius, 


t 


4. Cancer, 


52 


10. Capricorn us, 


VJ 


5. Leo, 


ft 


11. Aquarius, 


AM/ 


6. Yirgo, 


IK 


12. Pisces, 


X 



202. Deane the ecliptic. What is the angle of inclination of the 
±£l£™ q . a . a,0r '- *** are *• *r noctia ' PomS or equt 
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204. The portion of » he*mdy body**! 
by its right ascension mod declination, m In C 
we determine the situation of places by their 1 



and longitudes. Right Atcmtim is the angular, s> 
tance from the vernal equinox, reckoned on the otli> 
tial equator, as we reckon longitude on the teiresUU 
eauator from Greenwich. Deelamtkm k the distant* 
or a body from the celestial equator, either north* 
south, as latitude is counted from the terrestrial eqsa* 
tor. Celestial Longitude is reckoned on the eelMc 
from the vernal equinox, and oeiestial latitude bob 
the ecliptic, north or south. 

205. Parallels ef Latitude are small circles panrikl 
to the equator. They constantly diminish in sur* at 
we go from the equator to the pole. The Tropics an 
the parallels of latitude which pass through the sal 
stices. The northern tropic is called the tropic of Can- 
cer ; the southern, the tropic of Capricorn. The Po- 
lar Circles are the parallels of latitude that pass through 
the poles of the ecliptic, 23A degrees from the poles of 
the earth. That portion of the earth which lies be- 
tween the tropics, on either side of the equator, is called 
the Torrid Zone; that between the tropics and the 
polar circles, the Temperate Zone ; and that between 
the polar circles and the poles, the Frigid Zone. The 
Zodiac is the part of the celestial sphere which lies 
about eight degrees on each side of the ecliptic. This 
portion of the heavens is thus marked off by itself be- 
cause the paths of the planets are confined to it. 

206. After having endeavored to form the best idea 
we can of the circles, and of the foregoing definitions 
relating to the sphere, we shall derive much aid from 



204. Define right aacensicm— <lecliiiatton--ocle«tial longitude— 
celestial latitude. 

205. Parallels of latitude— how do they change as we go from 
the equator 1 The tropica— poiaf ciieAea—iomd rone— temperate 

zone— frigid zones— aodiac. 
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inspecting an artificial globe, and seeing how these 
various particulars are represented there. But every 
learner, however young, can adopt, with great advan- 
tage, the following easy device for himself. To repre- 
sent the earth, select a large apple, (a melon, when in 
season, will he found still better.) The eye ana the 
stem of the apple will indicate the position of the two 
poles of the earth. Applying the thumb and finger 
of the left hand to the poles, and holding the apple so 
that the poles may be in a north and south line, turn 
this little globe from west to east, and its motion will 
correspond to the daily motion of the earth. Pass a 
wire or a knitting-needle through the poles, and it will 
represent the axis of the sphere. A circle cut round 
the apple half way between the poles, will be the 
equator; and several other circles cut between the 
equator and the poles, parallel to the equator, will re- 
present parallels of latitude; of which two, drawn 23J 
degrees from the equator, will be the tropics, and two 
others, at the same distance from the poles, will be the 
polar circles. The space between the tropics, on both 
sides of the equator, will be the torrid zone ; between 
the tropics and polar circles, the two temperate zones ; 
and between the polar circles and the poles, the two 
frigid zones. A great circle cut round the apple, 
passing through both poles, in a north and south direc- 
tion, will represent the meridian, and several other 
great circles drawn through the poles, and, of course, 
perpendicularly to the equator, will be secondaries to 
the equator, constituting meridians, or hour circles. A 
great circle, cut through the center of the apple, from 
one tropic to the other, would represent the plane of the 



206. After forming as clear an idea as we can of the divisions of 
the sphere, to what aids shall we resort 1 How shall we represent 
the earth— its poles— the daily motion— axis— equator— parallels of 
latitude— tropics— polar circles— roneft--Txra\&\vc& <st W» fswSMr* 
golstice&— equinoctial points \ 
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ecliptic, and its intersection with the surface of the 
apple, would be the terrestrial ecliptic. The points 
where this circle meets the tropics, indicate the position 
of the solstices; and its intersections with the equator, 
the equinoctial points. 



CHAPTER II. 

ASTRONOMICAL INSTRUMENTS AND OBSERVA. 
TIONS. 

TELESCOPE — TRANSIT INSTRUMENT — ASTRONOMICJX CL0CK- 




207. Wherever we are situated on the surface of the 
earth, we appear to be in the center of a vast sphere, 
on the concave surface of which all celestial objects 
are inscribed. If we take any two points on the sur- 
face of the sphere, as two stars, for example, and 
imagine straight lines to be drawn from them to the eye, 
the angle included between these lines will be measured 
by the arc of the sky contained between the two 
, Fig. 97. 



c 

points. Thus, if D B H, Fig. 97, represents the con- 

207. How to measure the angular distance between two stars 
Illustrate by Fig. 97. Why may we measure the angle on thesmiU 
circle GFK1 
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cave surface of the sphere, A, B, two points on it, a* 
two stars, and C A, C B, straight lines drawn from the 
spectator to those points, then the angular distance be- 
tween them is measured by the arc A B, or the angle 
A C B. But this angle may be measured on a much 
smaller circle, G F K, since the arc E F will have 
the same number of degrees as the arc A B. 

208. The simplest mode of taking an angle between 
two stars, is by means of an arm opening at the joint 
like the blade of a penknife, the end of the a: m moving 
like C E upon the graduated circle G F K. In fact, 
an instrument constructed on this principle, resembling 
a carpenter's rule with a folding joint, with a semicircle 
attached, constituted the first rude apparatus for meas- 
uring the angular distance between two points on the 
celestial sphere. Thus, the sun's elevation above the 
horizon might be ascertained by placing one arm of 
the rule on a level with the horizon, and bringing the 
edge of the other into a line with the sun's centre. 
The common surveyor's compass affords a simple ex- 
ample of angular measurement. Here the needle lies 
in a north and south line, while the circular rim of the 
compass, when the instrument is level, corresponds to 
the horizon. Hence, the compass shows the azimuth 
of an object, or how many degrees it is east or west 
of the meridian. In several astronomical instruments, 
the telescope and graduated circles are united; the 
telescope enables us to see minute objects or points, 
and the graduated circle enables us to measure angu- 
lar distances from one point to another. The most im- 
portant astronomical instruments are the Telescope, the 
Transit Instrument, the Astronomical Clock, and the 
Sextant. 

208. What is the simplest mode of taking the angle between two 
Stars 1 Example of angular measurement by the surveyor's com- 
pass. What angle or arc does it measure *\ 'VNVn ta^\x&YN&K* 
menta unite the telescope with a gr*daate& craw. 
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509- The Telescope has been already described and 
its principles explained, (Art. 184.) We have seen 
that it aids the eye in two ways i first, by collecting 
and conveying to the eye a larger beam of light than 
would otherwise enter it* thus rendering objects more 
distinct, and many visible that would otherwise be in* 
visible for want of sufficient light ; and, secondly, by 
enlarging the angle under which objects are seen, and 
thus bringing distinctly into view such as are invisible* 
or obscure to the naked eye from their minuteness. 
When the telescope is used by itself, it is for obtain- 
ing brighter and more enlarged views of the heavenly 
bodies, especially the moon and planets. With the 
larger kinds of telescopes, we obtain many grand aad 
interesting views of the heavens, and see millions of 
worlds revealed to us that are invisible to the naked 
eye. 

2t0\ The Transit Instrument (Fig. 99, p. 198) is a 
telescope firmly fixed on a stand, so as to keep it per* 
fectly steady, and permanently placed in the meridian. 
The object of it is to determine when bodies cross the 
meridian, or make their transit over it ; or, in other 
words, to show the precise instant when the center of 
a heavenly body is on the meridian. The Astronomi- 
cal Clock is the constant companion of the transit in- 
strument. This clock is so regulated as to keep exact 
pace with the stars, which appear to move round the 
earth from east to west once in twenty-four hours, in 
consequence of the earth turning on its axis in the 
same time from west to east. The time occupied in 
one complete revolution of the earth, (which is indica- 
ted by the interval occupied by a star from the me- 



209. How does the telescope aid the eye 1 When the telescope is 
used by itself, for what purpose is it 1 What views do we obtain 
wuh the larger kinds of telescopes 1 

210. Define the Transit Instrument. "What \* the. object of Ut 
What does it show 1 What instrument *ccowo&Tv\e% v\A ^\&&. 

what does the astronomical clock keep pact**. ^V»x <**»»&»*«. ^ 
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1 round to the meridian again,) is called a sidereal 
It is, as we shall see hereafter, shorter than the 

Fig. 98. 

it 




day as measured by the return of the sun to the 
dian. The astronomical clock is so regulated as 
sasure the progress of a star, indicating an hour 
very fifteen degrees, and twenty-four hours for the 
e period of the revolution of a star. Sidereal time 
nences when the vernal equinox is on the meridian, 
as solar time commences when the sun is on the 
dian. 



eat movement of the Kara ftom east to *ie*A Ttefcut *.*&»• 
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manner as though it were i 
we note the interval of time 
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from each other in right ascen 
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the clock indicates how long it 
nox passed it, which is the ri^h 
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between any two bodies, simp] 
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meridian. I observed a star 
the transit instrument (which 
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and a quarter must have equalled forty-eight degrees 
and three quarters, which was the right ascension of 
Ae star. Two hours and three quarters afterward, 
that is, at six hours sidereal time, I observed another 
Iter cross the meridian. Its right ascension must have 
been ninety degrees, and consequently the difference 
of right ascension of the two, forty-one and a quarter 
degrees. 

212. Again, it is easy to taKe the declination of a 
body when on the meridian. By declination, we must 
recollect, is meant the distance of a body north or south 
of the celestial equator. When a star is crossing the 
meridian line of the transit instrument, the point of the 
meridian toward which the telescope is directed at 
that instant, will be shown on the graduated circle of 
the instrument, and the distance of that point from the 
zenith, subtracted from the latitude of the place of ob- 
servation, will give the declination of the star. We 
have before seen, that when we have found the right 
ascensions and declinations of the heavenly bodies, we 
may lay down their relative situations on a map, just 
as we do those of places on the earth by their latitudes 
and longitudes. 

213. The Sextant is an instrument used for taking 
the angular distance of one point from another on the 
celestial sphere. It is particularly valuable lor meas- 
uring celestial arcs at sea, because it is not, like most 
astronomical instruments, affected by the motion of the 
ship. The principle of the sextant may be briefly 
described as follows : it gives the angular distance be- 
tween any two objects on the celestial sphere, by re- 
flecting the image of one of the objects so as to coin- 



of the clock 1 Describe the mode of taking right ascensions with 
the transit instrument and clock. 

212. What is the declination of a body 1 How taken when on 
the meridian ? 
£Z& For what is the Sextapt uaedl lot urtvaX V\\.\fuX\<sta&i 



26 



AftrrcoxoMi 



ade with the other object as seen by the naked 
The arc through which tbe reflector is turned to 
the reflected object to coincide with the other ol 
becomes a measure of the angular distance bet' 
them. Tim instrument is of a triangular shape, 



Fig. 99. 




is made strong and firm by metallic cross- bai 
has two small mirrors, I, H, called respective! 
index glass and the horizon glass, both of whk 
firmly fixed perpendicularly to the plane of t! 
strument. The index glass is attached to the m< 
arm, I D, and turns as this Is moved along the j 

valuable? Stui? its principle. \>b^W: &* ^**\wh\. ^ 
the Index glam and m Horizon sW*. 8*** ** *■* Qt ** 
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ated limb, E F. This arm carries a Vernier at D, a 
contrivance which enables us to read off minute parts 
•f the spaces into which the limb is divided. The 
horizon glass, H, consists of two parts ; the upper part 
being transparent or open, so that the eye looking 
through the telescope, T, can see through it a distant 
object, as a star, at S, while the lower part is a reflect. 
or. Suppose it were required to measure the dis- 
tance between the moon and a certain star, the moon 
being at M, and the star at S. The instrument is held 
firmly in the hand, so that the eye, looking through 
the telescope, sees the star, S, through the transparent 
part of the horizon glass. Then the movable arm, 
I D, is moved from F toward E, until the image of M 
k reflected down to S ; when the number of degrees 
and parts of a degree reckoned on the limb from F to 
the index at D, will show the angular distance be- 
tween the two bodies. The altitude of the sun above 
the horizon, at any time, may be taken by looking di- 
rectly at the line of the horizon (which is well defined 
at sea) and moving the index from F toward E, until 
the limb of the sun just grazes the horizon. 



CHAPTER III. 
TIME. PARALLAX. REFRACTION. TWILIGHT. 

SIDEREAL AND SOLAR DATB — MEAN AND APPARENT TIME — HORIZON* 
TAX PARALLAX — LENGTH OF TWILIGHT IN DIFFERENT COUNTRIES. 

214. As time is a measured portion of indefinite du- 
ration, any thing or any event which takes place at 
equal intervals, may become a measure of time. But 
the great standard of time is the period of the re vol u- 

Dncribe the Horizon glass. -Describe \be mote <ft Xatolvwk vx <3»» 
mnmtioa with the Sextant How to Ukft fat wtf% «&&»&&. 

Vi* 



80 ASTROH0MT. 

lion of the earth on its axis, which, by the most ea&ct 
observations, is found to be always the same. The 
time of the earths revolution on its axis, as already 
explained, is called a sidereal day, and is determined 
by the apparent revolution of a star in the heavens. 
This interval is divided into twenty- four sidereal hours. 
215, Solar time is reckoned by the apparent revolu- 
tion of the sun from noon to noon, that is, from th* 
meridian round to the meridian again. Were the sun 
stationary in the heavens like Q fixed star, tho time of 
its apparent revolution would i equal to the revolu- 
tion of the earth on its ax the solar and sidereal 
days would be equal Rt a the sun passes from 
west to east, in his * iual revolution around 
the earth, three hi i sixty degrees in three 
hundred and sixty -n*e *, L moves eastward nearly 
a degree a day. Wh iher jre, the earth is turn- 
ing once on its axis, the sun is moving in the same di- 
rection, so that when we have come round under the 
same celestial meridian from which we started, we do 
not find the sun there, but he has moved eastward 
nearly a degree, and the earth must perform so much 
more than one complete revolution, before our meri- 
dian cuts the sun again. Now, since we move in the 
diurnal revolution, fifteen degrees in sixty minutes, 
we must pass over one degree in four minutes. It 
takes, therefore, four minutes for us to catch up with 
the sun, after we have made one complete revolution. 
Hence, the solar day is almost four minutes longer than 
the sidereal ; and if we were to reckon the sidereal 
day twenty-four hours, we should reckon the solar day 
twenty-four hours and four minutes. To suit the pur- 



214. What may become a measure of time 1 What is the great 
standard of time 1 

215. Distinguish between sidereal and solar time. Why are the so- 
Air days longer than the sidereal \ Hov* muc\YW^e*\ ^ ^^ count 
the solar day twenty-four hours, Wn \<m$ Va v\« %\tew\ to*i\ 
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of society at large, however, it is found more 
xmvenient to reckon the solar day twenty-four hours, 
ind throw the fraction into the sidereal day. Then, 

24h 4m : 24h : : 24h : 23h 56m 4s. 
That is, when 'we reduce twenty-four hours and four 
minutes to twenty- four hours, the same proportion will 
require that we reduce the sidereal day from twenty- 
Tour hours to twenty-three hours fifty-six minutes four 
seconds ; or, in other words, a sidereal day is such a 
part of a solar day. 

216. The solar days, however, do not always differ 
From the sidereal by precisely the same fraction, since 
they are not constantly of the same length. Time, as 
measured by the sun, is called apparent time, and a 
clock so regulated as always to keep exactly with the 
sun, is said to keep apparent time. But as the sun in 
his apparent motion round the earth once a year, goes 
sometimes faster and sometimes slower, a clock which 
always keeps with the sun must vary its motion ac- 
cordingly, making some days longer than others. The 
average length of all the solar days throughout the year, 
constitutes Mean Time. Clocks and watches are com- 
monly regulated to mean time, and therefore do not 
keep exactly with the sun, but are sometimes faster 
and sometimes slower than the sun. If one clock is 
so constructed as to keep exactly with the sun, and 
another clock is regulated to mean time, the difference 
between the two clocks at any period is the equation 
vf time for that period. The two clocks would differ 
most about the third of November, when the apparent 
time is sixteen and a quarter minutes faster than the 
mean time. But since apparent time is at one time 
greater and at another less than mean time, the two 

216. Do the solar days always differ from the sidereal by the same 
Traction 1 What is apparent time 1 When is a clock said to keep 
apparent time ? What constitutes mean. time *\ "^wi wt <ta£aa>vs&. 
watches commonly regulated 1 What ib tY« aqp&£\wv *& >*^ * 
Vbeu would the two clocks diffei moat, and tam tn&&^ nk>&s3 
oold they be together 1 
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must obviously be sometimes equal to each 
This is the case four times a year ; namely, Ap 
June I5th ? September 1st, and December 24th. 
217. As a day is the period of the revolutioi 
earth on its axis, so a year is the period of the 
tion of the earth around the sun. This time 
constitutes the astronomical year, has been asc 
with great exactness, and found to be 365 d. 5 
51 see. The ancients omitted the fraction, an 
oned it only 365 days. Their year, therefore 
end about six hours before the sun had compl 
apparent revolution in the ecliptic, and, of co 
ho much too short. In four years they would ( 
a whole day. This is the reason why even 
year is made to consist of 366 days, by recko 
days in February instead of 28. This fourth 3 
ancients called Bissextile — we call it Leap yea* 
Tig. IQa 
O P 
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218. Parallax U the apparent change ofplac 
objects undergo by being viewed from different 

217. What period is a year *\ "WVuX ia vta exact lengtl 
hag did the ancients reckon VtA ILx^Wva. ^Vi v*wi fc 
is reckoned 966 days 
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ects beyond a certain moderate height above 
ear to be projected on the face of the sky ; bat 
r>rs at some distance from each other refer the 
>ody to different points of the sky. Thus, if 
Fig. 100) represents the sky, and C and D two 
in the atmosphere, a spectator at A would refer 
, while one at B would refer it to N. The 
N, would measure the angle of the parallax, 
same manner, O P would measure the angle 
llax of the body D. It is evident from the figure, 
arer objects have a much greater parallax than 
rat are remote. Indeed, the fixed stars are so 
that two spectators a hundred millions of miles 
rould refer a given star to precisely the same 
' the heavens. But the moon is comparatively 
nd her apparent place in the sky, at a given ' 
time, is much affected by 
parallax. Thus, to a spec- 
tator at A, the moon would 
appear in the sky at D, 
while to one at B, it would 
appear at C. Hence, since 
the same body often appears 
at the same time differently 
situated to spectators in dif- 
ferent parts of the earth, 
astronomers have agreed to 
consider the true situation 
of a body to be that where 
it would appear in the sky 
if viewed from the center 
of the earth. 




efine parallax. Where do all objects at a certain height 
» be projected 1 How is the same body projected by dif- 
pctatora ? When have objects a large and when a small 
! What is said of the fixed star* A Oi \Yatma\A Ni*W 
omers consider the true place of &taty \ 
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219. The change of place which a body seen in t 
horizon, by a spectator on the surface of the ean 
would undergo if viewed from the center, is call 
horiz&ntal parallax* Although we cannot go to t 
center of the earth to view ft, yet we can determi 
by the aid of geometry where it would appear if se 
from the center, and hence wc can find the amount 
the horizontal parallax of a heavenly body, as the si 
or moon. When we know the horizontal parallax 
a heavenly body, we can ascertain its distance from u 
but the method of doing this cannot be clearly und« 
stood without some knowledge of trigonometry. 

220. Refraction is a change of place which t 
heavenly bodies seem to undergo, in consequence of t 
direction of their HglU being altered in passing thrau^ 
the atmQsjrfiere* As a ray of light traverses the aim 
sphere, it is constantly bent more and more, by the i 
fraction of the atmosphere, out of its original directio 
Now an object always appears in that direction 
which the light from it finally comes to the eye. I 
refraction, therefore, the heavenly bodies are all ma- 
to appear higher than they really are, especially wh< 
they are near the horizon. The sun and moon, wh< 
near rising or setting, are elevated by refraction mo 
than their whole diameter, so that they appear abo 
the horizon both before they have actually risen ai 
after they have set. 

221. Twilight is thai illumination of the sky whi 
takes place before sunrise and after sunset, by means 
which the day advances and retires by a gradual i 
crease or diminution of the light. While the sun 
within eighteen degFees of the horizon, some porti 



219. What is horizontal parallax 1 What use is made of horiz 
talparallax 1 

220. Define refraction. How is a^ray of light affected by trav» 
iag the atmosphere 1 How doe&ie$raci\oife«ffltax>b& -parent pla 

of the heavenly bodies 1 What \s «ivd ot v\vt whi txA. xnmtoX 
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of its light is conveyed to us by means of the numerous 
reflexions from the atmosphere. At the equator, where 
the circles of daily motion are perpendicular to the 
horizon, the sun descends through eighteen degrees in 
an hour and twelve minutes. In tropical countries, 
therefore, the light of day rapidly declines, and as 
rapidly advances after daybreak in the morning. At 
the pole, a constant twilight is enjoyed while the sun 
is within eighteen degrees of the horizon, occupying 
nearly two-thirds of the half year, when the direct 
light of the sun is withdrawn, so that the progress 
from continual day to constant night is exceedingly 
gradual. To an inhabitant of one of the temperate 
zones, the twilight is longer in proportion as the place 
is nearer the elevated pole. 



CHAPTER IV. 

THE SUN. 

DHTANOC MAGNITUDE — QUANTITY OP MATTER — SPOTS — NATURE 

AND CONSTITUTION REVOLUTIONS— 8EASONB. 

222. The distance of the sun from the earth is about 
ninety-five millions of miles. Although, by means 
of the sun's horizontal parallax, astronomers have been 
able to find this distance in a, way that is entitled to 
the fullest confidence, yet such a distance as 95,000,000 
of miles seems almost incredible. Still it is but 
small compared with the distance of the fixed stars. 
Let us make an effort to form some idea of this vast 
distance, which we shall do best by gradual approaches 
to it. We will then begin with so small a distance 

221. Define twilight. How far is the sun below the horizon when 
the twilight ceases ? How is it at the e<\\ivi\o\— «x tat vta*r-'3B&\b. 
the middle latitudes 1 
222 Dutance of the sua from the e*iu\. Haw 4aw\x ws«fi^w»^^ 
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as that across the Atlantic ocean, and follow in min«j 
a ship, as she leaves the port of New York, and afte* 
twenty days' sail reaches Liverpool. Having formed 
the best idea we can of this distance, we may then 
reflect, that it would take a ship, moving constantly at 
the rate of ten miles an hour, more than a thousand 
years to reach the sun. 

223. The diameter of the sun is toward a million 
of miles ; or, more exactly, it is 885,000 miles. One 
hundred and twelve bodies as large as the earth, lying 
side by side, would be required to reach across the solar 
di<k ; and our ship, sailing at the same rate as before, 
would be ten years in passing over the same space. 
Immense as is the sun, we can readily understand wh) 
it appears no larger than it does, when we reflect that 
its distance is still more vast. Even large objects on 
the rarth, when seen on a distant eminence, or over a 
wide expanse of waters, dwindle almost to a point. 
Could we approacli nearer and nearer to the sun, it 
would constantly expand its volume until it finally filled 
the whole sky. We could, however, approach but little 
nearer the sun than we are, without being consumed 
by his heat. Whenever we come nearer to any fire, 
the heat rapidly increases, being four times as great 
at half the distance, and one hundred times as great 
at one tenth the distance. This fact is expressed by 
saying, that heat increases as the square of the distance 
decreases. Our globe is situated at such a distance 
from the sun, as exactly suits the animal and vegetable 
kingdoms. Were it either much nearer or more 
remote, they could not exist, constituted as they are. 
The intensity of the solar light also follows the same 

[hut of the fixed stars % Effort to form an idea of great distances. Ho* 
Ion £ would it take a ship, moving ten miles an hour, to reach the sun' 
. 221. Diameter of the sun. How many bodies like the earth wonk 
« take to reach across the sun 1 How lona the ship to sail over it' 
why it appearsno lamer 7 How \vou\d \l apv*'« w&Y&vi* *v?t«u3 
nearer and nearer to it 1 He *r is the uwetfeiv? of \v**x \srov»t\«» 
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law. Consequently, were we much nearer the sun 
than we are, its blaze would be insufferable ; or were 
we much farther off, the light would be too dim to serve 
all the purposes of vision. 

224. The sun is one million four hundred thousand 
(1,400,000) times as large as the earth ; but its matter 
is only about one fourth as dense as that of the earth, 
being only a little heavier than water, while the average 
density of the earth is more than five times that of 
water. Still, on account of the immense magnitude 
of the sun, its quantity of matter is 354,000 *imes as 
great as that of the earth. Bodies would weigh about 
twenty-eight times as much at the surface of the sun 
as they do on the earth. Hence, a man weighing three 
hundred pounds would, if conveyed to the surface of 
the sun, weigh 8,400 pounds, or nearly three tons and 
three quarters. A man's limb, weighing forty pounds, 
would require to lift it a force of 1,120 pounds, which 
would be beyond the ordinary power of the muscles. 
At the surface of the earth, a body falls from rest by 
the force of gravity, in one second, 16 J^ feet ; but at 
the surface of the sun, a body would, in the same time, 
fall through 449 feet. 

225. When we look at the sun through a telescope, 
we commonly find on his disk a greater or less number 
of dark places, called Solar Spots, Sometimes the 
sun's disk is quite free from spots, while at other times 
we may see a dozen or more distinct clusters, each 
containing a great number of spots, some large and 
some very minute. Occasionally a single spot is so 
large as to be visible to the naked eye, especially when 

to the distance 1 Were the earth nearer the sun, what would be the 
consequence 1 How would its light increase 1 

224. How much larger is the sun than the earth 1 How much 
greater is its quantity of matter 1 How much more would bodies 
weigh at the sun than at the earth ? How much would a man of 
three hundred pounds weigh 1 TYttougVv nvYu\\ «$m» ^ wW v^\*A^ 
Gall in a second 1 

125 Solar spoto— their number— vajt oC \Yie \k«6*<-jBd*vl ««?«.«* 
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central regions of the sun. As they havt 
motion from day to day across the sun's 
go olf on one limb, and, after a certain i 
times come on again on the opposite liml 
that this apparent motion is imparted 1 
actual revolution of the sun on his s 
accomplished in about twenty-five days, 
the sun's diurnal revolution, while his a 
meitt about the earth once a year is cal 
revolution, 

226, We have seen that the apparen 
the heavenly bodies, from east to west, 
four hours, is owing to a real revolution c 
its own axis in the opposite direction. r 
very easily understood, resembling, as 
spinning of a lop. We must, however, c 
top as turning without any visible suppc 
resting in the usual manner on a plane* 
motion of the earth around the sun, whic 
the apparent motion of the sun around th 
year, is somewhat more difficult to under 
as the string is pulled, the top is throw 
the floor, we may see it move onward (s> 
circle) at the same time that it spins on 
a candle be placed on a table, to repr 
and let these two motions be imagine*: 
to a top around it, and we shall have a t 
resembling the actual motions of the eai 
sun. 



motions— revolution of the sun, Dial! net ion brt' 
and annual revoJniions oi" the nun. 
226. To what is the apparent daWv BMi&flto ftS 
to wem owing 1 liow lo conceive o( &1 Www 
annual motion ? 
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227. When bodies are at such a distance from each 
•ther as the earth and sun, a spectator on either would 
project the other body upon the face of the sky, always 
seeing it on the opposite side of a great circle, one 
hundred and eighty degrees from himself. Let Fig. 
Fig. 102. 




102 represent the relative positions of the earth and 
sun, and the firmament of stars. A spectator on the 
earth at °i°, (Aries,) would see the sun in the heavens 
at £b, (Libra ;) and while the earth was moving from 
1° to 53, (Cancer,) not being conscious of our own 
motion, but observing the sun to shift his apparent place 
from set to YJ, (Capricorn us,) we should attribute tho 
change to a real motion in the sun, and infer that the 
sun revolves about the earth once a year, and not the 
earth about the sun. Although astronomers have 
learned to correct this erroneous impression, yet they 
still, as a matter of convenience, speak of the sun's 
annual motion. 



227. How would a spectator on the sun or the earth, project the 
other body f Illustrate by the Figure. 
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229. In endeavoring to obtain a clear idea of the 
revolution of the earth around the sun, imagine to 
yourself a plane (a geometrical plane, having merely 
length and breadth, but no thickness,) passing through 
the centers of the sun and earth, and extended far be- 
yond the earth, until it reaches the firmament of stars- 
This is the pfane of the ecliptic ; the circle in which 
it seems to cut the heavens is the celestial eclipiic ; and 
the path described by the earth in its revolution around 
the sun, is the earth* s orbil. This is to be conceived 
of as near to the sun compared with the celestial eclip- 
tic, although both are in the same plane. Moreover, 
we project the sun into the celestial ecliptic, because 
it seems to travel along the face of the starry heavens, 
since the sun and stars are both so distant that we can- 
not distinguish between them in this respect, but see 
them both as if they were situated in the imaginary 
dome of the sky. If the sun left a visible trace on 
the face of the sky, the celestial ecliptic would of 
course be distinctly marked on the celestial sphere, as 
it is on an artificial globe ; and were the celestial equa- 
tor delineated in a similar manner, we should then see, 
at a glance, the relative position of these two circles ; 
the points where they intersect one another constituting 
the equinoxes; the points where they are at the greatest 
distance asunder, being the solstices ; and the angle 
which the two circles make with each other, (23° 28',) 
being the obliquity of the ecliptic. 

229. As the earth traverses every part of her orbit 
in the course of a year, she will be once at each sol- 
stice, and once at each equinox. The best way of 

22S. To obtain a clear idea of the revolution of the earth around 
the sun, what device shall we employ 1 What is the plane of the 
ecliptic'? What the celestial ecliptic'? What the earth's orbit 1 
Into what do we project the sun 1 If the sun left a visible track. 
what would it mark out 1 If the celestial equator were delineated 
in the same way, what would \\ maiV o\a"\ NKT\*t* 'wm&A. Vfe\hA 
equinoxes — the solstices 1 WbaX \a vW o\s»\v^v»Vj \ 
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obtaining a correct idea of her two motions, is to con- 
ceive of her as standing still a single day, at some 
point in her orbit, until she has turned once on her 
axis, then moving about a degree, and halting again 
until another diurnal revolution is completed. Let us 
suppose the earth at the Autumnal Equinox, the sun, of 
course, being at the Vernal Equinox. Suppose the 
earth to stand still in its orbit for twenty- four hours. 
The revolution of the earth on its axis, in this period, 
from west to east, will make the sun appear to de^ 
scribe a great circle of the heavens from east to west, 
coinciding with the equator. At the end of this time, 
suppose the sun to move northward one degree in its 
orbit, and to remain there twenty- four hours, in which 
time the revolution of the earth will make the sun ap- 
pear to describe another circle from east to west, but 
a little north of the equator. Thus, we may conceive 
of the sun as moving one degree in the northern half 
of its orbit, every day, for about three months, when 
he will reach the point of the ecliptic farthest from the 
equator, which point is called the tropic, from a Greek 
word signifying to turn; because, after the sun has 
passed this point, his motion in his orbit carries him 
continually toward the equator, and therefore he seems 
to turn about. The same point is also called the sol- 
stice, from a Latin word signifying to stand still; since, 
when the sun has reached its greatest northern or 
southern limit, he seems for a short time stationary, with 
regard to his annual motion, appearing for several days 
to describe, in his daily motion, the same parallel of 
latitude. 

230. When the sun is at the northern tropic, which 
happens about the 21st of June, his elevation above 
the southern horizon at noon is the greatest in the 

SB How to obtain a clear idea of the earth's two motions— de* 
tribe the process— why is the tunvvM wjIyciX c*&ft& ^ofc \xw$sb\ 
Why the solstice 1 
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year, and when he is at the southern tropic, about 
the 21 tit of December, his elevation at noon is the least 
in the year. 

231. The motion of the earth, in its orbit, is nearly 
seventy times as great as fts greatest motion around 
its axia* Fn its revolutions around the sun, the earth 
moves no less than 1,640,000 miles a day, 68,000 
miles an hour, 1,100 miles a minute, and 10 miles 
every second — a velocity sixty times as great as the 
greatest velocity of a cannon ball. Places on the 
earth turn with very different degrees of velocity in 
different latitudes. Those on the equator are carried 
round at the rate of about 1000 miles an hour. In 
our latitude, (41° 18',) the diurnal velocity is about 
750 miles an hour. It would seem at first quite in- 
credible that we should be whirled round at so rapid 
a rate, and yet be entirely insensible of any motion; 
and much more that we should be going on so swiftly 
ibfougt] space, in our circuit around the sun, while 
all things when unaffected by local causes, appear to 
be in such a state of quiescence* Y< t we have the 
most unquestionable evidence of the fact ; nor is it 
difficult to account for it, in consistency with the gene^ 
ral state of repose among botlies on the earth, whert^ 
we reflect that their relative motions, with respect to^ 
each other, are not in the least disturbed by any mo* 
tions which they may have in common. When we 
arc on board a steamboat, we move about in the same 
manner when the boat is in rapid motion^ as when it 
is lying still ; and such would be the case, if it moved 
steadily a hundred times faster than it does. Were 

230. When does the win reach the northern tropic 1 How is then 
his altitude 1 When is he at the southern tropic 1 His altitude 
then* 

232. How much greater is the motion of the earth in its orbit than 
on its axis J How many m\\ea yei faty—^ \vwx\— s«i xsN&ute— pet 
second ? Kates of motion of place* Y& &Swe.T\\»£\\»te*\ 'fettavt 
latitude 41 degrees and 18 muiutea^. ^JYv>| «xe vi* uMM&tex*** 
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ie earth, however, suddenly to stop its diurnal motion, 
11 movable bodies on its surface would be thrown off 
1 tangents to the surface, with velocities proportional 
> that of their diurnal motion ; and were the earth 
iddenly to halt in its orbit, we should be hurled for- 
r ard into space with inconceivable rapidity. 

232. The phenomena of the Seasons, which we 
lay now explain, depend on two causes ; first, the 
iclination of the earth's axis to the plane of its orbit ; 
ad, secondly, to the circumstance that the earth's axis 
(ways remains parallel to itself. Imagine a candle, 
aced in the center of a large ring of wire, to repre- 
rat the sun in the center of the earth's orbit, and an 
>ple with a knitting-needle running through it, in the 
rection of the stem. Run a knife round the central 
it of the apple, to mark the situation of the equator. 
ie circumference of the ring represents the earth's 
t>it in the plane of the ecliptic. Place the apple so 
it the equator shall coincide with the wire; then 
» axis will lie directly across the plane of the eclip- 

; that is, at right angles to it. Let the apple be 
rried quite round the ring, constantly preserving the 
is parallel to itself, and the equator all the while 
[nciding with the wire that represents the orbit. 
>w, since the sun enlightens half the globe at once, 

the candle, which here represents the sun, will 
ine on the half of the apple that is turned toward 
; and the circle which divides the enlightened from 
» unenlightened side of the apple, called the termi- 
lor, will pass through both the poles. If the apple 

turned slowly round on its axis, the terminator will 
as successively over all places on the earth, giving 

•afT motion! Illustrate by a steamboat. What would be the 
nsequence were the earth suddenly to stop its motions ? 
232. What are the two causes of the change of seasons? How 
iterated 1 How will the appearances be when the apple is so 
iced that its equator coincides with the wixtt "Ww** n^\\\*. 
arise — where sunset 1 
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the appearance of sunrise to places at which it arrives, 
and of sunset to places from which it departs. 

233. If, therefore, the earth's axis had been perpen- 
dicular to the plane of its orbit, in which case the equator 
would have coincided with the ecliptic, the diurnal 
motion of the sun would always have been in the equator, 
and the days and nights would have been equal all over 
the globe, and there would have been no change of 
seasons. To the inhabitants of the equatorial regions, 
the sun would always have appeared to move in the 
prime vertical, rising directly in the east, passing through 
the zenith at noon, and setting in the west. In the polar 
regions, the sun would always have appeared to revolve 
in the horizon ; while, at any place between the equator 
and the pole, the course of the sun would have been 
oblique to the horizon, but always oblique in the same 
degree. There would have been nothing of those 
agreeable vicissitudes of the seasons' which we now 
enjoy ; but some regions of the earth would have been 
crowned with perpetual spring ; others would have 
been scorched with a burning sun continually over- 
head ; while extensive regions toward either pole, 
would have been consigned to everlasting frost and 
barrenness. 

234. In order to simplify the subject, we have just 
supposed the earth's axis to be perpendicular to the 
plane of its orbit, making the equator to coincide with 
the ecliptic ; but now, (using the same apparatus as 
before,) turn the apple out of a perpendicular position 
a little, (23J degrees,) then the equator will be turned 
just the same number of degrees out of a coincidence 
with the ecliptic. Let the apple be carried around the 

233. Comparative lengths of the days and nights 1 Appearances 
to the inhabitants of the equatorial regions 1 Of the polar regional 
Would there have been any change of seasons 1 

234. Repeat the process with the axis inclined. How far would 
the equator be turned out of a courcvtaucfe tnti&tab «<&\&&\ Hot 
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ag, always holding it inclined at the same angle to 
e plane of the ring, and always parallel to itself, as 

Kg. 103. 







in figure 103. We shall find that there are two points, 
A and C, in the circuit, where the light of the sun 
(which always enlightens half the globe at once) 
reaches both poles. These are the points where the 
celestial equator and ecliptic cut one another, or the 
equinoxes. When the earth is at either of these points, 
the sun shines on both poles alike ; and if we conceive 
of the earth, while in this situation, as turning once 
round on its axis, the apparent diurnal motion of the 
sun would be the same as it would be, were the earth's 
axis perpendicular to the plane of the equator. For 
that day, the earth would appear to revolve in the 
equator, and the days and nights would be equal al 
over the globe. 

235. If the apple were carried round in the mannc 
supposed, then, at the distance of ninety degrees froi 
the equinoxes, at B and D, the same pole would ! 
turned toward the sun on one side, just as much as 



t the sua then shine with respect to \W ^>\ftfc\ ^\^W^ 
be the appearances in the diurnal motion *\ 
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was turned from him on the other. In the former case, 
the sun's light would reach neyond the pole 23^ degree 
and in the other case, it would fall short of it the same 
number of degrees. Now imagine, again, the earth 
turning in the daily revolution, and it will be readily 
seen how places within 25* J degrees of the enlightened 
pole, will have continual day, while places within the 
same distance of the unenlightened pole, will hare 
continual night- By an attentive inspection of tigurc 
103, all these things will be clearly understood. The 
earth's axis is represented as prolonged , both to show 
its position, and to indicate that it always rem was 
parallel to itself. On March 2 1st and September 23d, 
when the earrh is at the equinoxes, the sun shines 00 
both poles alike ; while on June 21st and December 
24th, when the earth is at the solstices, the sun shinei a 
23^ degrees beyond one pole, and falls the same dist&noi 
short of the other. K 

236. Two causes contribute to increase the heat of 
summer and the cold of winter, — tfie changes in the 
sun's meridian altitudes, and in the lengths of tltt dnys* 
The higher the sun ascends above the horizon, the mom 
directly* bts rays fall upon the earth; and their heating ^ 
power is rapidly increased as they a p proa eh a per pea- » 
dicular direction. The increased length of the day io c 
summer, affects greatly the temperature of places i 
toward the poles, because the inequality between the c - 
lengths of the day and night is greater in proportion I 
as we recede from the equator. By the operation of 
this cause, the heat accumulates so much in summer, 
that the temperature rises to a higher degree in mid- 
summer, at places far removed from the equator, than 
within the torrid zone. 

235. At the distance of 90 degrees from the equinoxes, how would 
the sun ehine with respect to the poles 1 

236. What two causes contribute \o vevcte^wi \Vv«. Vve^t of summer 
and the rold of winter \ Effect of the mnfr nYatoaAfc— «l ^«.\*kx%«m& 

length of the day 1 
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But Che temperature of a place is influenced 
uch by several other causes, as well as by the 
id duration of the sun's heat. First, the eleva 

a country above the level of the sea, has a 
ifluence upon its climate. Elevated districts of 
, even in the torrid zone, often enjoy the most 
)le climate in the world. The cold of the upper 

of the atmosphere modifies and tempers the 
sat, so as to give a most delightful softness, while 
formity of temperature excludes those sudden 
jessive changes which are often experienced in 
rored climes. In ascending high mountains, 

within the torrid zone, the traveller passes, in 

time, through every variety of climate, from 
3t oppressive and sultry heat, to the soft and 
lir of spring, which again is succeeded by the 
breezes of autumn, and then by the severest 
f winter. A corresponding difference is seen in 
lucts of the vegetable kingdom. While winter 
>n the summit of the mountain, its central regions 
j encircled with the verdure of spring, and its 
th the flowers and fruits of summer. Secondly, 
inity of the ocean has also a great effect to 
5 the temperature of a place. As 'the ocean 
3 its temperature during the year much less than 
i, it becomes a source of warmth to neighboring 
3s in winter, and a fountain of cool breezes in 
p. Thirdly, the relative moisture or dryness of 
tosphere of a place is of great importance, in 
to its effects on the human system. A' dry air, 
ty degrees, is not so insupportable as a moist 
ighty degrees. As a general principle, a hot 
>ist air is unhealthy, although a hot air, when 
ly be very salubrious. 



feet of elevation— of the Vicinity o£ i2hfc 
md dryness. 
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CHAPTER V. 
THE MOON. 

DISTANCE AND DIAMETER APPEARANCE! TO THE TELMCOM- 

MOUNTAINf AND VALLEYS REVOLUTION ECLIPSES — TIDES. 

238. The Moon is a constant attendant or satellite 
of the earth, revolving around it at the distance ot 
about 240,000 miles. Her diameter exceeds 2,000 
miles, (2160.) Her angular breadth is about half ft 
degree, — a measure which ought to be remembered, 
as it is common to estimate fire-balls, and other sight! 
in the sky, by comparing them with the size of the 
moon. The sun's angular diameter is a little greater. 

239. When we view the moon through a good tel- 
escope, the inequalities of her surface appear much 
more conspicuous than to the naked eye ; and by stu- 
dying them attentively, we see undoubted proofs that 
the face of the moon is very rough and broken, exhib- 
iting high mountains and deep valleys, and long moun- 
tainous ridges. The line which separates the enlight- 
ened from the dark part of the moon, is called the 
Terminator. This line appears exceedingly jaggedj 
indicating that it passes over a very broken surface 
of mountains and valleys. Mountains are also indi- 
cated by the bright points and crooked lines, which 
lie beyond the terminator, within the unilluminated 
part of the moon ; for these can be nothing else than 
elevations above the general level, which are enlight- 
ened by the sun sooner than the surrounding countries, 
as high mountains on the earth are tipped with the 
morning light sooner than the countries at their bases. 
Moreover, when these pass the terminator, and come 

238. Of what is the moon a satellite 1 Distance from the earth- 
diameter — angular breadth. Why is it important to remember thial 

239. How does the moon appear to the telescope *? "What is the 
Terminator 1 How does it appear 1 "What does v\a utveveiuiees itt- 
dic&te 1 What signs of mountains arc there va \Yve toxV. ^ <& ^ 
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irithin the enlightened part of the disk, they are fur- 
her recognised as mountains, because they cast shad- 
)we opposite the sun, which vary in length as the sun 
strikes them more or less on a level. 



Fig. 104. 




240. Spots, also, on the lunar disk, are known to be 
▼alleys, because they exhibit the same appearance as 
is seen when the sun shines into a tea cup, when it 
strikes it very obliquely. The inside of the cup, oppo- 
site to the sun, is illuminated in the form of a crescent, 

moon 1 When the terminator passes beyond \ta«e,'<RW.£\€!Q& *\ 
being mountains do they give 1 
30. Valleys, how known 1 Hlnstrate by iftie mate *\t^\v\<*\\^ 
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(as every one may see, who will take the trouble to 
try the experiment,) while the inside, next the sun, 
casts a deep shadow. Also, if the cup stands on a 
table, the side farthest from the sun casts a shadow 
on the table outside of the cup. Similar appearances, 
presented by certain spots in the moon, indicate very 
clearly that they are valleys. Many of them are reg- 
ular circles, and not un frequently we may see a chain 
of mountains, surrounding a level plain of great ex- 
tent, from the center of which rises a sharp mountain, 
casting its shadow on the plain within the circle. 
Figure 104 is an accurate representation of the tele- 
scopic appearance of the moon when five days old. 
Jt will be seen that the terminator is very uneven, and 
jjjat white points and lines within the unenlightened 
0£rt of the disk, indicate the tops of mountains and 
t 1 . 1 in l am ridges. Near the bottom of the terminator, 
& 1 1 1 bv «& ie ^' we sec a 8ma ^ circular spot, sur- 
voU* 1 vl j^.« hiffb chain of mountains, (as is indicated 
*° *vic snadovw o . » \ 



by th e ? \ OT i<t' s tne y cast,) and in the center of the 

val^y, i . ° \shadow of a single mountain thrown 

upon t' lC P. ain# TVJust above this valley, we see a ridge 

\ jnountams, cftau. uneven shadows opposite to the 

sun, son™ sharp, line \ . shadows of moun tain peaks. 

These appearances a ^ indeed, rather minute ; but we 

* must recollect that wey are reprosentca < on a very 

lit-naU scale The most la ble lime for v j cwmg ^ 

nan nntains and valleys oi . lfmn with te i cscop ^ 

Sleva? c n sbe is about seven dP w> » 

ened b i The full moon does r.; ot cxhibit lhe hr6ken „, 

as high , well as the new rnoo^ . but we goe dark and 

morning ^ions intermingled. ™ jusky places in the 

Moreover^re formerly supposed , Q COUii \ s { f W ater, and 

HiSwtir-ins. CU p. What Aape have n f ^ u wfc ^ 

diame Mow ftoea «ee sounding Oie y , What rW in ^ 
ill Point oatmountains ana \ „ ^^ to*^ 
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the brighter places, of land ; astronomers, however, 
are now of the opinion, that there is no water in the 
moon, but that the dusky parts are extensive plains, 
while the brightest streaks are mountain ridges. Each 
separate place has a distinct name. Thus, a remark. 
able spot near the top of the moon, is called Tycho ; 
another, Kepler ; and another, Copernicus ; after cel- 
ebrated astronomers of these names. The large 
dusky parts are called seas, as the Sea of Humors, 
the Sea of Clouds, and the Sea of Storms. Some of 
the mountains are estimated as high as five miles, and 
some of the valleys four miles deep. 

242. The moon revolves about the earth from west 
to east, once a month, and accompanies the earth 
around the sun once a year. The interval in which 
she goes through the entire circuit of the heavens, 
from any star round to the same star again, is called a 
sidereal month, and consists of about 27£ days ; but the 
time which intervenes between one new moon and 
another, is called a synodical month, and is composed 
of 29£ days. A new moon occurs when the sun and 
moon meet in the same part of the heavens ; for al- 
though the sun is 400 times as distant from us as the 
moon, yet as we project them both upon the face of the 
sky, the moon seems to be pursuing her path among 
the stars as well as the sun. Now the sun, as well as 
the moon, is travelling eastward, but with a slower 
pace ; the sun moves only about a degree a day, while 
the moon moves more than thirteen degrees a day. 
While the moon, after being with the sun, has been 
going round the earth in 27J days, the sun, mean- 
were the dark places in the moon formerly supposed to be 1 What 
do astronomers now consider them 1 How are places on the moon 
named 1 Repeat some of the names. What is the height of some 
of the mountains, and depth of the va\tay%\ 

242. Revolutions of the moon. "WYial \a a &tara\ vwsrtftcw'V "^Rssw 
long is til What is a synodical moti\\i'\ Nftreuto^w**,^**** 
occnrl Why is the synodical longer \taik Vta »tew\. wo^» x 
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while, has been going eastward about 27 degre 
that, when the moon returns to the part of the hi 
where she left the sun, she does not find him the 
lakes more than two days to catch up with him. 

243. The moon t however, does not pursue pr< 
the same track with the sun in his apparent t 
motion, though she deviates but little from hi* 
The inclination of her orbit to the ecliptic i 
about five degrees, and, of course, the moon is 
seen farther from the ecliptic than that dii 
and she is commonly much nearer to it thai 
The two points where the moon's orbit cross 
ecliptic, are called her nodes, They are the in 
tions of the solar and lunar orbits, as the equinox 
the intersections of the equator and ecliptic, an 
the latter, are 180 degrees apart, 

244. The changes of the moon t Fig- 1<K 
commonly called her phases, arise 

from different portions of her en- 
lightened side being turned toward 
the earth at different times, When 
the moon comes between the earth 
and the sun, her dark side is turned 

toward us, and we lose sight of her ^ A 
for a short period, at A, (Fig. 105,) B 
when she is said to be in conjunc- ^^ 

tion. As soon as she gets a little© ^pT 
past conjunction, at B, we first 
observe her in the evening sky, cr 
in the form of a crescent, — the j5* 

well known appearance of the new 
moon. When at C, half her enlightened disk is tui 
ward us, and she is in quadrature, or in her first qi 

243. How many degrees \s u\e\ moon's orbit inclined to tl 
tic 7 Define the nodes. How Am mn\ 
244. Whence arise the phases^ \\v* moow\ ^to' 
Maid to be in conjunction 1 . WYi^Yfc<sa»taXM«\ ^V* 
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At D, three-fourths of the disk is illuminated, and at E, 
when the earth lies between the sun and the moon, her 
whole disk is enlightened, and she is in opposition, the 
time of full moon. In proceeding from opposition to 
conjunction, or from full to new moon, the illuminated 
portion diminishes in the same way as it increased from 
conjunction to opposition, being in the last quarter, at 
G. Within the first and last quarters, *he terminator 
is turned from the sun, and the moon is said to be 
horned ; but within the second and third quarters, the 
terminator presents its concave side toward the sun, 
and the moon is said to be gibbous. 

245. The moon turns on her axis in the same time 
in which she revolves about the earth. This is known 
by the moon's always keeping nearly the same face 
toward us, as is indicated by the telescope, which 
could not be the case, unless her revolution on her 
axis kept pace with her motion in her orbit. Take an 
apple to represent the moon : thrust a knitting-needle 
through it in the direction of the stem, to represent the 
axis, in which case the two eyes of the apple will nat- 
urally represent the poles. Through the poles, cut a 
line around the apple, dividing it into two hemispheres, 
and mark them so as to be readily distinguished from 
each -other. Now place a ball on the table to repre- 
sent the earth, and holding the apple by the knitting- 
needle, carry it round the ball, and it will be seen that, 
unless the apple is made to turn about "on its axis, as 
it is carried around the ball, it will present different 
aides toward the ball ; and that, in order to make it 
always present the same side, it will be necessary to 
make it revolve exactly once on its axis, while it is 



•itionl What figure has the moon in the fi.st and last quarters 1 
What in the second and third 1 

845. In what time does the moon turn on her axis 1 How is 
this known 1 How illustrated by an up^* mvYv * \xta&*%'&K*£*'N. 
By wtlkiax round * treel 

5* 
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going round the circle, — the revolution on its axil 
keeping exact pace with the motion in its orbit. The 
same thing will be observed, if we walk around a tree, 
always keeping the face toward the tree. It will be 
necessary to turn round on the heel at the same rate 
as we go forward round the tree. 

246. An Eclipse of the Moon happens when the 
moon, in its revolution around the earth, falls into the 
earth's shadow. An Eclipse of the Sun happens when 
the moon, coming between the earth and the sun, cov- 
ers either a part or the whole of the solar disk. As 
the direction of the earth's shadow is, of course, op- 
posite to the sun, the moon can fall into it only when 
in opposition, or at the time of full moon ; and as the 
moon can come between us and the sun only when in 
conjunction, or at the time of new moon, it is only 
then that a solar eclipse can take place. If the moon's 
orbit lay in the plane of the ecliptic, we should have 
a solar eclipse at every new moon, and a lunar eclipse 
at every full moon ; but as the moon's orbit is inclined 
to the plane of the ecliptic about five degrees, the 
moon may pass by the sun on one side, and the earth's 
shadow on the other side, without touching either. It 
is only when, at new moon, the sun happens to be at 
or near the point where the lunar orbit cuts the plane 
of the ecliptic, or at one of the nodes, that the moon's 
disk overlaps the sun's, and produces a solar eclipse. 
Also, when the sun is at or near one of the moon's 
nodes, the earth's shadow is thrown across the other 
node, on the opposite side of the heavens, and then, 
as the moon passes through this node, at the time of 
opposition, she falls within the shadow, and produces 
a lunar eclipse. 

246. When does an eclipse of the moon happen 1 When an 
eclipse of the sun 1 ? At what age of the moon aoes it eclipse the 
aim — and at what age does it suffer eclipse 1 Why do not eclipses 
occur at every revolution 1 At or near what point must the sun be, 
in order that an eclipse may l **ke ptace'X 
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'. Figure 106 represents both kinds of eclipses, 
shadow of the moon, when in conjunction, is 
ented as just long enough to reach the earth, as 

Fig. 106. 




case when the moon is at or about her average 
ye from the earth. In this case, a spectator on 
rth, situated at the place where the point of the 
v touches the earth, would see the sun totally 
yd for an instant, while the countries around, for 
siderable distance, would see only a partial 
j, the moon hiding only a part of the sun, which 
on such places a partial light, called the penum- 
i is indicated in the figure by the dark shading 
;h side of the moon's shadow. A similar pe- 
•a is represented on each side of the earth's 
v, because, when the moon is approaching the 
v, a part of the light of the sun begins to be in- 
ted from her when she reaches this limit, and 

tescribe Fig. 106. At what point of the earth would the 
of the sun be total 1 "Where partial t Wtort. v&t&&^K3&& 
!/«/ 1 What ib said of the raootf* ^twDtonA N*\»\^ 
w annular eclipse 1 



n 

she receives less and l^sa of light from tlie sun, iintilj 
when she? enters the shadow, bis disk is entirely hidden. 
When the moon is farther from the earth than her 
average distance, her disk is not large enough to cover 
the sun's, but a ring of the sun appears all around the 
moon, constituting an annular eclipse. 

248. Eclipses of the sun are more frequent than 
those of the moon. Yet, lunar eclipses, being visible 
to every part of the hemisphere of the earth in which 
the monn is above the horizon, while those of the sun 
are visible om"y to a small portion of the hemisphere 
on which the moon's shadow falls, if happens that, for 
any particular place on the earth, there are seen mof» 
eclipses of the moon than of the sun. In any year, the 
number of eclipses of both luminaries cannot be less 
than two, nor more than seven. The most usual 
number is four, and it is very rare to have more than 
six. A total eclipse of the moon frequently happera 
at the n^xt full moon after an eclipse of the sun. For, 
since, in a solar eclipse, the sun is at or near one of 
the moon's nodes, — that is, is projected to the place in 
the sky where the moon crosses the ecliptic, — the earth's 
shadow, which is, of course, directly opposite to the 
sun, must be at or near the other node, and may not 
have passed too far from the node before the moon 
comes round to the opposition and overtakes it, 

249, A total eel ipse of the sun is one of the most 
sublime and impressive phenomena of Nature. Among 
barbarous tribes, it is always looked on with fear ana 
astonish i oentj and as strongly indicative of the wrath 
o f th e go< I s- When Col umbus fi rst d isco v e re d A rneri ca, 



213, Winch nre most frequent, the eclipses of ihe son ■■■■ ihe mo<w! 
C3f which ure die greHtett number visitife t What numbej of both 
can happen rn a. single yeorl What is the mo*i ui-ndi number? 
Why durs an eclipse of the moon happen at the m*xt full moan 
after an retippc of the sua % 
249. What U suul of an ecUoK o£ W sw&\ ^YbW* \a*d ot 
Columbus 1 Why is a tota\ ecUvae o* Va» w«w tt^«A>«^m 
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and was in danger- of hostility from the natives, he 
awed them into submission by telling them that the sun 
would be darkened on a certain day, in token of the 
anger of the gods at them for their treatment of him. 
Among cultivated nations, also, a total eclipse of the 
sun is regarded with great interest, as verifying with 
astonishing exactness the predictions of astronomers, 
and evincing the great knowledge they have acquired of 
the motions of the heavenly bodies, and of the laws by 
which they are governed. From 1831 to 1638, was a 
period distinguished for great eclipses of the sun, in 
which time there were no less than five, of the most 
remarkable character. The next total eclipse of the 
sun, visible in the United States, will occur on the 7th of 
August, 1869. 

250. Since Tides are occasioned by the influence 
of the sun and moon, a few remarks upon them will 
conclude the present chapter. By the tides are meant 
the alternate rising and falling of the waters of the 
ocean. Its greatest and least elevations are called high 
and law water; its rising and falling are called flood and 
tbb ; and the extraordinary high and low tides that 
occur twice every month, are called spring and neap 
tides. It is high water, or low water, on opposite sides 
of the globe at the same time. If, for example, we have 
high water at noon, it is also high water to those who 
live on the meridian below us, where it is midnight. 
In like manner, low water occurs at the same time on 
the upper and lower meridian. The average height of 
the tides, for the whole globe, is about two and a half 
fqet ; but their actual height at different places is very 
various, sometimes being scarcely perceptible, and 



much interest among cultivated nations 1 What period was distin- 
guished for great eclipses of the sunl When will the next total 
eclipse of the sun occur 1 

wO. What are the tidea 1 What is metal Vj Yasja. mA\o^ ^«*x«t 
HfcW mad ebb—tpriog and neap 1 When i» ix Ysfl^i v**&ki «" 
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sometimes rising to sixty or seventy feet. In the ffev 
of Fundy, where the tide rises 70 feet, it comes in a 
mighty wave, seen thirty miles off, and roaring witli a 
loud noise. # 

251, Tides are caused by the unequal attraction oi 
the sun and moon upon different parts of the earth. We 
shall attend hereafter more particularly to the subject 
of universal gravitation, by which all bodies, or masse* 
of matter, all met all other bodies* eaeh according to its 
weight, when they act on a body at the same distance ; 
but when at different distances, the force increase* 
rapidly as the distance is diminished, so that the forct 
of attraction is four times as great lor half the distance 
one hundred times as great for one tenth the distance* 
and, universally, the force increases in proportion aa 
the square of the distance diminishes, Such a force as 
this is exerted by the moon and by the sun upon tha 
earth, and causes the tides* As the sun has vastly 
more matter than the moon, it would raise a higher tide 
than the moon, were it not so much farther off. This 
latter circumstance gives the advantage to the moon, 
which has three times as much influence as the sun in 
raising the tides. If these bodies, one or both of them, 
acted equally on all parts of the earth, they would draw 
all parts toward them alike, but would not at all disturb 
the mutual relation of the parts to each other, and, of 
course, would raise no tide. But the sun or moon 
attracts the water on the side nearest to it more than 
the water more remote, and thus raises them above the 
general level, forming the tidetoave, which accompanies 
the moon in her daily revolution around the earth- It 
is not difficult to see how the tide is thus raised on the 

where low water at the same time *? Average height of the tidei 

for the whole globe. What is said of their actual height nt different 

places 1 How high does the tide rise in the Bay of Fundy 1 

251. By what are tides caused \ Whvit. foxce \a exerted by the son 

and moon upon the earth 1 Why do*s ivoi \W «oa\ rava*. «.^k*nki 

tide than the moon 1 How does the sou'* e««x« $*&*&<» v*** 
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aide of the meridian nearest to the moon ; but it may 
not be so clear why a tide should at the same time be 
raised on the opposite meridian. The reason of this is, 
that the waters farthest from the moon, being attracted 
less than those that are nearer, and less than the solid 
earth, are left behind, or appear to rise in a direction 
opposite to the center of the earth. Hence, we have 
two tides every twenty- four hours, — one when tho 
moon passes the upper meridian, and one when she 
passes the lower. Each, however, is about fifty 
minutes later to-day than yesterday, for the moon 
comes to the meridian so much later on each following 
day. 

2o2. Were it not for the impediments which prevent 
the force from producing its full efFects, we might expect 
to sec the great tide wave always directly beneath the 
moon, attending it regularly around the globe. But the 
inertia of the waters prevents their instantly obeying 
the moon's attraction, and the friction of the waters on 
the bottom of the ocean still further retards its progress. 
It is not, therefore, until several hours after the moon 
has passed the meridian of a place, that it is high tide 
at that place. 

253. The sun has an action similar to that of the 
moon, but only one third as great. It is not that the 
moon actually exerts a greater force of attraction upon 
the earth than the sun does, that her influence in raising 
the tides exceeds that of the sun. She, in fact, exerts 
much less force. But, being so near, the difference of 
her attraction on different parts of the earth is greater 
than the difference of the sun's attraction ; for the 
sun is so far off, that the diameter of the earth 

advantage to the moon 1 Why is it high tide on opposite sides of 
the earth at the same time 1 How much later is the high tide oi 
to-day than that of yesterday 1 
2G& Why ia it not high tide when tV\e nvoonSa wv>ta% TOKtvtanA 
Jttft How much ieas w the action oC 0&e vm "ycl i«mmb% ^ ^o^k* 
ban that of the moon 1 Why has the moonto rcvuc\v ^wavei \fcN***\ 
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bears but a small proportion to the distance, and there- 
fore the force exerted by the sun is more nearly equal 
on all parts of the earth, and we must bear in mind 
that the tides are owing, not to the amount of the force 
of attraction, but to the difference of the forces exerted 
on different parts of the earth* 

254* Aa the sun and moon both contribute to raise 
the tides, and as they sometimes act together and 
sometimes in opposition to each other, so correspond- 
ing variations occur in the height of the tides. The 
sprmg tides, or those which rise to an unusual height 

Fig. 107, 




twice a month, are produced by the sun and moon's 
acting together ; and the neap tides, or those which 
are unusually low twice a month, are produced by the 
sun and moon's acting in opposition to each other. 
The spring tides occur when the sun and moon act in 
the same line, as is the case both at new and full 

Fig. 108. 




moon ; and the neap tides when tne two luminaries 
act in directions at right angles to each other, as is the 

254. Explain the spring \\de*-*\BO^ u^^w. \fcas&t**\s\ 
the figures. 
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case when the moon is in quadrature. The mode of 
action, in each case, will be clearly understood by in 
specting Figs. 107 and 108. 

Fig. 107 shows the situation of the two luminaries 
when they act together at new moon. The waters are 
elevated both on the same side of the earth as the at- 
tracting bodies at A, and also on the opposite side, at 
B. If we now conceive the moon to change its place 
to By when it would be full moon, the waters would 
still have the same elongated figure in the line of the 
two bodies, while at places 90° distant, at C and D, it 
would be low water. Again, in Fig. 108, the moon 
being in quadrature at C, the two attracting bodies act 
in opposition to each other, the sun raising a tide at A 
and B, while the moon raises a still higher tide at C 
and D. Hence, the high tide beneath the moon, and 
the low tide at places 90° distant, are both less than 
ordinary. 

255. The largest lakes and inland seas have no per- 
ceptible tides. This is asserted by all writers respect- 
ing the Caspian and Black seas ; and the same is found 
to be true of the largest of the North American lakes, 
Lake Superior. Although these several tracts of wa- 
ter appear large, when taken by themselves, yet they 
occupy but small portions of the surface of the globe, 
as will be evident on seeing how small a space they 
occupy on the artificial globe ; so that the attraction 
of the sun and moon is nearly equal on all parts of 
such sea or lake. But it is the inequality of attraction 
on different parts that produces the tides. 

255. Whv have lakes and inland seas no tides 1 
6 



CHAPTER VI. 

TILE rLAtfETS, 

OEyERAL TSXW — INFXUlOR PLAXffH — SUPERIOR YLAXKTB—TLAXWI-* 

abt motions. 
Section 1* General View of the Planets. 

256. The name planet is derived from a Greet word 
which signifies a wanderer^ and is applied to this class 
of bodies, because they shift their positions in the heav- 
ens, whereas the fixed stars constantly maintain the 
same places with respect to each other. The planets 

, are Mercury, Venus, Earth, Mars, Jupiter, Saturn, 
Urftnus, and Neptune, Between the orhits of Mars 
and Jupiter hare been recently discovered thirty-sevea 
very small planets called Asteroids, Several of the 
planets have one or more satellites, or moons, which re- 
volve around them as they revolve around the sun. 
The earth has one (the Moon), Jupiter four % Saturn 
eighty Uranus &£/, and Neptune one. Mercury, Venus, 
and Mars, are without satellites. The whole number 
of planets, therefore, is sixty-five, namely, eight prim- 
ary, twenty secondary, and thirty-seven asteroids. 

257. Mercury and Venus are called inferior planets, 
because they have their orbits nearer to the sun than 
that of the earth ; while all the others, being more dis- 
tant from the sun than the earth is, are called superior 
planets. Let us now compare the planets with one 

256. Names of the planets — astetoida— aateUilea. Number of 
the whole. 

257. Why are Mercury and Venus ca\tedVi^«ttat^»afcN*\ ^S\s* 
the others superior planets ? 
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another, in regard to their distances from the sun, their 
magnitudes, and their times of revolution. 

258. Dittanies from the sun, in miles. 



1. Mercury, 


* 


87,000,000. 


2. Venus, 


9 


68,000,000. 


3. Earth, 


e 


95,000,000. 


4. Mars, 


& 


142,000,000. 


6. Vesta, 


a 


225,000,000. 


6. Judo, 







7. Ceres, 


? 


261,000,000. 


8. Pallas, 


i 




9. Jupiter, 


n 


485,000,000. 


10. Saturn, 


h 


490,000,000. 


11. Uranus, 


* 


1800,000,000. 


12. Neptune, 


t 


2800,000,000. 



The dimensions of the planetary system are vast; 
heing, from outside to outside, towards six thousand 
millions of miles. A railway car travelling at the rate 
of twenty miles an hour, would take thirty-two thou- 
sand years to cross the orbit of Neptune. 
259. Magnitudes. 

Diameter. Diameter. 

1. Mercury, 3140. j 5. Ceres, 160, 



2. Venus, 7700. 

3. Earth, 7912. 

4. Mare, 4200. 



6. Jupiter, 89,000. 

7. Saturn, 79,000. 

8. Uranus, 36,000. 



9. Neptune, 31,000. 

We perceive that there is a great diversity among 
the planets, in regard to size. While Venus, an infe- 
rior planet, is nine-tenths as large as the Earth, Mara, 
a superior planet, is only one-seventh, while Jupiter 
is twelve hundred and eighty-one times as large* 

258. Repeat the table of distances. What is said of the dimar~ 
sions of the planetary system ? How long would a railway car > 
in crossing the orbit of Neptune 1 
869. ^opeai the table of magnitudes. ^ntfcia«^<&^Q*&rcK 



Mercury, 


3 months. 


Venus, 


7\ " 


Earth, 


1 year. 


Mars, 


2 years. 



Although several of the planets, when nearest tt 
appear brilliant and large when compared with i 
of the fixed siars, yet the an^le under which they 
seen is vr^ry small, that of Ventre, the greatest of 
never exceeding about one minute, which is 3 ess I 
one thirtieth the apparent diameter of the sun or mo 
JupiteT, also > by lib superior brightness, someti 
makes a striking figure among the stars ; yet his grei 
apparent diameter is less than one fortieth that of 
sun* 

200. Periodic Timzs* 

Ceres, A% years. 
Jupiter, 12 ** 
Saturn, 29 H 
Uranus, 84 ** 
We perceive that the planets nearest the sun n 
most rapid 1 y . Me rou ry performs nearly th ree h urn 
anri fifty revolutions while Uranus performs one. 
apparent progress of the most distant planets aro 
the sun is exceedingly slow. Uranus advances on 
little more than four degrees in a whole year ; so 
we find this planet occupying the same sign, anc 
course remaining nearly in the same part of the heav 
for several years in succession. 

Sec. 2. Of the Inferior Planets. 

261. Mercury and Venus have their orbits so 
within that of the earth, that they appear to us 
attendants upon the sun. Both planets appear ei 
in the west a little after sunset, or in the east a 1 

* In every estimation of angular breadths or distances, it is conveni* 
bear in mind that the angular breadth of the sun or moon is about I 
degree 

in regarfl to size 1 What of the angular diameter of the plai 
How do the largest compare with the sun or moon 1 

260. Repent the tab\e of peno&c vvrcve*. ^WW. v& said d 
planets nearest the sun 1 \VW o* \Yvofc* ycw*. &&ta&x\ 
261. How do Mercury md V«w» *v^**^^ w *«* x,v »* s 
ituer*> *5t»wv 
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•e sunrise. In high latitudes, where the twilight n 
, Mercury can seldom be seen with the naked eye, 
then only when its angular distance from the sun 
•eatest. In our latitude, we can usually catch a 
pse of this planet for several evenings and morn- 

if we will watch the time (usually given in the 

mac) when it is at its greatest elongations from the 

It, however, soon runs back again to the sun. 

reason of this will be plain from the following 
ram. Let S represent the sun, E the earth, 




N R the orbit of Mercury, O Z P an arc of the 
ens. Then, since we refer all distant bodies in the 
o the same concave sphere, we should see the sun 
, in the heavens, and when the planet was at R or 
e should see it close by the sun, and when it was 

: of Mercury in high latitude* 1 Whit m out \«£\V\te\ ^Vk^ 
emich a ghmpee ofiiX Explain the Tetscm <A <&>* fesna- ^*> 

6* 



at its greatest elongation, at M or N, we slioi 
at or P, when its angular distance from 
would be measured by the arc O 2 or P Z. 
Mercury cornea into view at M, its g rentes 
elongation ; as it passes on to Q, its inferior ecu 
it appears to move in the sky backward, or e< 
ihe order of the signs, from to Z i and it 
its backward motion from M to N, or a p pure 
O to P. But now from N, its greatest western d 
through R, its superior conjunction^ to M, it; 
eastern elongation, its apparent motion is dtrec 
the planet is said to be in its superior conjunct* 
inferior planets, Mercury and Venus, appes 
backward and forward across the sun r 
receding so little from that luminary as almoi 
to be lost in his beams. Venus, however, m 
larger orbit fend recedes so far from the sun 
sides, as often to remain a long time in th< 
or morning sky, always immediately followir 
ceding the sun, and hence called the eYe: 
morning star, 

262, When an inferior planet is near its 
elongation, on either side, it presents to us, wht 
wilh the telescope, half its enlightened disk, b 
to the telescope like the moon in one of her 
While passing from the eastern to the wester 
tion, through the inferior conjunction, the en 
portion grows less and less, taking the ere set 
like the old of the moon, until it arrives at th< 



•7 

of the son, the enlightened part constantly increases, 
and becomes like the full moon in the superior con- 
junction, after which the enlightened portion decreases. 
The phases of Mercury and Venus, therefore, as seen 
in the telescope, resemble the changes of the moon. 
In some respects, however, the appearances do not 
correspond to those of the moon ; for since, when full, 
they are in the part of the orbit most remote from us, 
they appear then much smaller than when on the side 
of the inferior conjunction ; and their nearness to the 
sun, when full, also prevents their being seen except 
in the day time, and then they are invisible to the naked 
eye, because their light is lost in that of the sua. 
Hence, these planets appear brightest when a little less 
than half their enlightened sides are turned toward 




us, (being then just within their greatest elongation on 
either side,) since their greater nearness to us more 
than compensates for having in view a less portion of 
the enlightened disk, as will be seen by the accom- 
panying diagram. 

263. Mercury and Venus both revolve on their axes 
in nearly the same time with the earth, and have 
there fore similar days and nights. Mercury owes 

•wiiWtt die changes of the mooa'X Ua* to ^blvj &SaV\ *> 
out do the inferior pUaeti appeal tona>tortA 
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almost all its peculiarities to its nearness to the suit* 
Its light and heat derived from the sun are estimated 
to be nearly seven times as great as ours, and the sua 
would appear to an inhabitant of Mercury seven times 
as large as it does to us, The motion of Mercury, in his 
revolution round the sun, is swifter than that of any 
other planet, being more than IOOjOOO miles every 
hour ; whereas, that of the Earth is less than 70,000, 
Eighteen hundred miles every minute— crossing the 
Atlantic ocean in less than two minutes — this is a ve- 
locity of which we can form but very inadequate con. 
ceptions. 

264, Every time Mercury and Venus come to their 
inferior conjunction, they would eclipse the sun, if 
their orbits coincided with the earth's orbit, or both 
were in the same plane ; as we should have a solar 
eclipse at every new moon* if the moon's orbit were 
in the same plane with the earth's. As, however, the 
orbits of these planets are inclined to the ecliptic, they 
are not seen on the sun's disk except when the con- 
junction takes place at one of their nodes. They then 
pass over the sun, each in a round black spot, and the 
phenomenon is called a Transit. Transits of Met- 
cury and Venus occur but seldom, but are regarded 
with the highest interest by astronomers, that of Ve- 
nus, in particular ; for, by observing it at distant points 
on the earth, materials are obtained for finding the 
sun's horizontal parallax, which enables astronomers 
to calculate the distance of the sun from the earth. 
(See Art. 219.) In the transits of Venus, in 1761 
and 1769, several European governments fitted out 
expensive expeditions to parts of the earth remote 
from each other. For this, purpose, the celebrated 

263. In what time do Mercury and Venus revolve on their axesl 
To what does Mercury owe its peculiarities 1 Explain his swiftnea 
of motion. 
264. Why do not Mercury wad "V en\» tcXvpfe >to». wav *x «rox\ ^ 
ferior conjunction 1 WhatiaattiiusaA ^\^t*%«&«A^^%*hjm* 



Captain Cook, is 17M, vest to ate Sosrt Vucd* 
Ocean, and observed the teas**! of Vtmm at the island 
of Otaheite, (Tahiti,) while others ww* to Lapland 
lor the same purpose, sad others, still, to matry tfber 
parts of the globe. The ml transit of You** wilt 
happen in 1874. 

Sec. 3. Of tie 



265. All the planets, esoest Sfaratry a#d \mm, 
have their orbits farther from the sua tfca* the «srtb's 
orbit. They are sees in superior ewjuorfjuo with 
the sun, and in opposition, like the nwm when toll ; 
hut as they are always sooce distant ftm the sua thaa 




the earth is, they can never come into inferior con- 
junction. This will be plain from the foregoing dia- 

mterem 1 Wbmt katid of the trwMsilaoC Vtim Vfc YW\*a&XVSa> 
When will the next transit of Venus tappettA 



inferior, undergo the same changes as the mo 
with the exception of Mars, always present 
telescope their disks fully enlightened ; for, 
viewed them from the sun, we should have tin 
enlightened side turned constantly toward u 
so small is our own distance from the sun, oo 
with that of Jupiter, Saturn, or Uranus, that v 
them nearly as though we stood on the sun. 
being nearer the earth, does in fact change hii 
slightly ; for, when seen in quadrature, at Q, i 
part of the enlightened hemisphere is conceale 
us, and the planet appears gibbous, like the 
when a little past the full. The superior j 
however, undergo considerable changes in aj 
magnitude and brightness, being at one time 
nearer to us than at another. Thus, in Fij 
Mars, when at M, in opposition, is nearer the 
than at M', in superior conjunction, by the 
diameter of the earth's orbit — a space of 
190,000,000 miles. Hence, when this plane 
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iking on account of its fiery red color. All the other 
nets, likewise, appear finest when in opposition, al- 
>ugh the remoter planets are less altered than those 
it are nearer to us. 

267. Jxxpiter is distinguished from all the other 
.nets by his great magnitude. His diameter is 
,000 miles, and his volume 1281 times that of the 
•th. He revolves on his axis once in about ten 
irs, giving to places near his equator a motion 

Fig. 119. 




mty -seven times as swift as on the earth. It will 
recollected, also, that the distance of Jupiter from 
sun is 485,000,000 miles, and that his revolution 
»und the sun occupies twelve years ; so that every 
ig belonging to this planet is on a grand scale, 
e view of Jupiter through a good telescope, is one 
the most splendid and interesting sights in astrono- 
. The disk expands into a large and bright orb, 
3 the full moon ; across the disk, arranged in paral- 
stripes, are several dusky bands, called belts ; and 

77. By what is Jupiter distinguished from h!1 the other planets 1 
diameter— volume— distance from the sunl View or Jupiter 
>ugh a good telescope 1 Appearance oC Y£\a &&,\*tak* «wL«^ 
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breadth of the inner wheel is 17,000 miles, and that 
of the outer, 10,500 miles ; tso that the entire diameter 
of the outer ring, from outside to outside, is 179,000 
miles. These rings are so far from the body of the 
planet, that an inhabitant of that world would not take 
them for appendages to his own planet, but would view 
them as magnificent arches on the face of the starry 
heavens. 

Fig. 114 




269. Saturn's ring, in its revolution with the planet 
around the sun once in about thirty years, always keeps 
parallel to itself, as is represented in the annexed 
diagram, where the small circle, a b, is the earth's 
orbit, and Saturn is exhibited in eight different positions 
in his orbit. If we hold a circle, as a piece of coin, 
directly before the eye, we see the entire circle ; but 
if we hold it obliquely, it appears an ellipse ; and if 
we turn it round until we see it edgewise, the ellipse 
grows constantly narrower and narrower, until, when 
the edge is toward us, we see nothing but a line. If 



of each wheel. Entire diameter of j^e outer ring. What is said 
of the appearance of the rings from t\\e uWfcW 

269. What position doea the ring aUep va. totw^^a^w^sa^*^ 
mn V Describe Fig. 114. Into vfcaX ftgoxe* V& * ca&fc TP»V^ 
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the learner obtains a clearer idea of these appearances, 
he will easily understand the different appearances of 
Saturn's ring. In two points of the revolution around 
the sun, at A and E, the edge is presented to us, and 
we see the ring only as a fine line, or, perhaps, lose sight 
of it altogether. After passing this point, from B to G, 
we see more and more of the ellipse, until, in about sem 
years, it arrives at C, when it appears quite broad, as re- 
presented in figure 114. Then it gradually closes again 
for seven years more, and dwindles into a line at R 

270. Saturn is attended by eight satellite*. Al- 
though they are bodies of considerable size, yet, on ac- 
count of their immense distance from us, they appear 
exceedingly minute, and require superior telescopes 
to see them at all. It is accounted a good telescope 
which will give a distinct view of even three of the 
satellites of Saturn, and the whole eight can be seen 
only by the most powerful telescopes in the world. 

271. Uranus (formerly called fferschel) is also a 
large body, more than eighty times the size of the 
earth; but being 1800,000,000 miles off, it is scarcely 
seen except by the telescope. The discoverer, Sir W. 
Herschcl, supposed he saw six moons around it, but 
only four have been seen by other astronomers. 

272. Neptune was discovered as late as 1846, by 
Leverrier, a French astronomer, and (what was very re- 
markable) its existence was established, and its distance 
from the sun, its size and weight, were all determined 
before it had ever been seen by mortal eye. These ele- 
ments were estimated by the disturbing influence which 
its attraction exerted upon the planet Uranus. Its dis- 
tance from the sun is 2800,000,000 miles. Although 

when seen in different positions ? In what point is the edge pre- 
sented to ns f When does it appear broadest? 

270. How many satellites has Saturn? How do they appear to 
the telescope ? What power does it raqoire to *** ttaNcA 

271. Ur&nas — dixuneter—diBtance^-wA.e>\iiU». 
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ixty tames as large as the earth, it is so far off as to re- 
[uire a powerful telescope to see it It is one hundred 
ind sixty-four and a hall years in going round the sun. 
The Asteroids were until recently unknown. Soon 
rfter the year 1 800, four were discovered, namely, Ceres, 
Pallas, Juno, and Vesta ; and since 1845, tMrty-tkree 
nore have been detected! They are exceedingly small 
lodies, revolving in orbits between Mars and Jupiter, at 
in average distance of 250,000,000 miles from the sun. 

Sec. 4. Of the Planetary Motions. 

273. The planets all revolve around the sun in the 
tame direction, from west to east, and pursue nearly 
the same path in the heavens. Mercury wanders farthest ' 
from the general track, but he is never seen farther 
ihan about seven degrees from the ecliptic The others, 
irith the exception of the Asteroids, are always seen close 
n the neighborhood of the ecliptic, and we never need 
» look in any other part of the sky for a planet, than 
n the region of the sun's apparent path in the heavens. 

274. If we could stand on the sun and view the 
danets move round it, their motions would appear 
rery simple. We should see them, one after another, 
pursuing their way along the great highway of the 
leavens, the zodiac, rolling around the sun as the 
noon does around the earth, though with very different 
iegrees of speed, those near the sun moving with far 
nore rapidity than those more remote, often overtaking 
ihem, and passing rapidly by them. Mercury, espo- 
aally, comes up witn and passes Jupiter, Saturn, 
ind Uranus, a great number of times while they are 



S78L Neptune— discovery — distance—- size — period. Asteroids — 
lisooverv— number— size — situation. 

278. Planetary motions — through what part of the heavens — 
rhich wanders farthest from the ecliptic ? 

874. If we could view the planets from the sua, how would they 
appear to move I In what orbits, and wtth, *faA &Stet$i*» targes** 
f speed t 



ijl causes operate iu mane uie niuuuus ui me pit 

pear very different from what they really are ; 
view them out of the center of their motions, i 
ondly, we are ourselves in motion. We ha 
in the case of the inferior planets, Mercury 
nus, that our being out of the center makes 1 
pear to run backward and forward across 
although they are all the while moving steadi 
one direction; and we know that our owe 
along with the earth on its axis, every day, rr 
heavens appear to move in the opposite c 
Hence, we see how very different may be th 
motions of the planets from what they appei 
As we have said, they are actually very simp 
ing steadily round the sun, all in one direct 
their apparent motions are exceedingly ii 
They sometimes move faster and sometime 
— backward and forward — and at times appeal 
still for a considerable period. 

276. If we have ever passed swiftly by a sr 

Rftl. Rail in a in thp sarrw direction with nnrsp 
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, and sails rapidly by them. Then again they 
o stand still, because they are about turning, 
ur motion has ceased to carry them apparently 
ird any farther, and they are recovering their 
notion. They appear also to stand still, when 
re moving directly toward us or from us, a? 
ry or Venus does when near its greatest elonga- 
(See Fig. 109, page 239.) A diagram will as. 
in obtaining a clear idea of the way in which 
ppearances are produced. 

Fifr 11& 




Let the inner circle, ABC, represent the 
orbit, and the outer circle the orbit of Mars, 

ppennnce of a vew?l when we \»» toqn&W Narf vtA ~Wb^4^ 
iot piaaets appear to move backwci&,«sA*****k.*w*^ 
*7* 
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(or any other superior planet,) and N R a portion 
the concave sphere or the heavens. To make tkf 
case simple, we will suppose Mars to be stationary at 
M, in opposition ; for, although he is actually moving 
eastward all the while, yet, since the earth is moving 
the same way more rapidly, their relative situations 
will be the same, if we suppose Mars to stand still and 
the earth to move on with the excess of its motion 
above that of the planet. As the earth moves from A 
to B, Mars appears to move backward from P to N ; 
for the planet will always appear in the heavens in the 
direction of the straight line, as B M, drawn from the 
spectator to the body. When the earth is at B, Mare 
appears stationary, because the earth is moving directly 
from him, and the line B M N does not change its di- 
rection. But while the earth moves on to C, D, E, 
F, the planet resumes a direct motion eastward through 
O, P, Q, R. Here it again stands still, while the 
earth is moving directly toward it, and then goes back- 
ward again. When the planet is in opposition, the 
earth being at A, its motion appears more rapid than 
in other situations, because then it is nearest to us. 
In the superior conjunction, when the earth is at D, 
the motion of Mars is comparatively slow. 

278. There are three great Laws that regulate the 
motions of all bodies belonging to the Solar System, 
called Kepler's Laws, from the name of the great as- 
tronomer who discovered them. The first is, that the 
orbits of the earth and all the planets are ellipses, hating 
Hie sun in one of the foci of the ellipse. Figure 118 re- 
presents such an ellipse, differing but little from a cir- 
cle, but still having the diameter, A B, called the major 
axis of the orbit, perceptibly longer than C D. The 

277. Illustrate the motion of Mare from Fig. 115. When is the me* 
lion most rapid 1 When Blow 1 

278. Kepler's Laws. Repeat the fixet \aw . What ia an. ellinw— 
the major ajug^oci—perihelioa-^^^wtA 



TU FUMntTB. 



79 



oints, B and F, (being the points from which, by 
lain process, the figure is described,) are callM 




wo foci, and each of them, a focus, of the ellipse. 
»ose the sun at F, then B will be the perihelion or. 
est distance of a planet to the sun, and A is the 
Hon, or farthest distance. 

f 0. A line drawn from the sun to a planet is called 
udius vector, as E a or E b, (Fig. 117 ;) and the 
rid of Kepler's Laws is, that while a planet is going 
d the sun, the radius vector passes over equal spaces 
peal limes. The meaning of this is, that, if an 
ginary line, as a cord, were extended from the sun 
jy planet, this cord would sweep over just as much 
e one day as another. When the planet is at its 
i el ion, the cord would, indeed, move fester than 
ird the aphelion; but it would also be shorter, 



l What is the radiw vector 1 Repeal the «*&»&. Nam. 
its meaning. 



U»r 



80 


ASTIIONOMT. 




and the greater breadth of the space, E a i 
make it just equal to the narrower but longe 




Fig. 117. 
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E Z m. This law has been of incalculable se 
all the higher investigations of astronomy. 

280. The third of Kepler's Laws is, that the 
of the periodic times of different planets, are pro} 
to the cubes of the major axes of their orbits. ] 
periodic time of a planet, or the time it takes to £ 
the sun, from any star back to the same star ag 
be seen by watching it, as has often been done 
the whole of its revolution. We also know th» 
of the major axis of the earth's orbit, because i 
twice the average or mean distance of the ear 
the sun. These things being known, we can 
distance of any of the planets from the sun by i 
statement in the rule of three. For example, 
required to find the major axis of Jupiter's orbi 



tSO. Repeat the third \aw. 'WW.VbTnean&Vj ^* w* 
of* planet 1 How may the periodic umt\» foasAA vv 
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Man distance of Jupiter from the sun, which is half 

^*e length of that axis. Then, since the earth's 

periodic time is one year, and Jupiter's twelve years, 

Vjrotting E for the earth's distance from the sun, and J 

«r Jupiter's,) we say, 

1» : 12» : : E 1 : P. 

Now the three first terms in this proportion are 
Tmown, and hence we can find the fourth, which is 
the cube of Jupiter's distance from the sun ; and, on 
extracting the cube root, we find the distance itself. 
We see, therefore, that the planetary system is laid off 
by an exact mathematical scale. 

281. The three foregoing laws are so many great 
facts, fully entitled to be called general principles, 
because they are applicable not only to this or that 
planet, but to ail the planets alike, and even to comets, 
and every other kind of body that may chance to be 
discovered in the solar system. They are the rules 
according to which all the motions of the system are 
performed. But there is a still higher inquiry, respect- 
ing the causes of the planetary motions, which aims at 
ascertaining not in what manner the planets move, but 
inky they move at all, and by what forces their motions 
are produced and sustained. Sir Isaac Newton first 
discovered the great principle upon which all the 
motions of the heavenly bodies depend, that of Universal 
Qravitation. In its simplest expression it is nearly this: 
aS matter attracts all other matter. But a more precise 
expression of the law of gravitation is as follows : 
Every body in the universe, whether great or small, attracts 
every other body, with a force which is proportioned to 



Ike major axis of the earth's orbit 1 How to find the major axis ot 
Jnpjtera orbit 1 

981. Why are these laws called general principles 1 What higher 
mrairy i» there 1 Who first diecorered the grand law of the cetea- 
mu motions 1 What is it called * Its ampVwJC ex^w»a&. ^J* 
more precise expremon. 



embraces the whole solar system — sun, moo: 
comets, and any other form of matter i 
system. Nor does it stop here ; it extends 1 
the stars, and comprehends the infinitude 
that lie in boundless space. Secondly, the I 
that the attraction of gravitation is in propor 
quantity of matter. Every body gives and rece 
mysterious influence an amount exactly pr 
to its weight ; and hence all bodies exert 
force on each other. The sun attracts the 
the earth the sun, and one just as much as i 
for if the sun, in consequence of its having 
times as much matter as the earth, exert 
854,000 times as much force as it would dc 
the same weight with the earth, it also recc 
the earth so much more in consequence of 
weight. Were the sun divided into 354,01 
each as heavy as the earth, every one woul 
an equal share of the earth's attraction 
course the whole would receive in the sar 
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times leas ; if ten times as far, one hundred times 
less ; if a hundred times as far, ton thousand times 
less. 

283. This great principle, which has led to a 
knowledge of the causes of the celestial motions, and 
given us an insight into the machinery of the Universe, 
was discovered by Sir Isaac Newton, who is generally 
acknowledged to have had the most profound mind of 
any philosopher that has ever lived. He was born in 
a country town in England in the year 1642. He was 
a farmer's son, and his father having died before he 
was born, his friends designed him for a fanner ; but 
his strong and unconquerable passion for study, and the 
great mechanical genius he displayed in his boyhood, 
fed them to the fortunate determination to educate him 
at the University. 

284. But let us see how the principle of Gravitation 
is applied to explain the revolutions of the heavenly 
bodies. If I throw a stone horizontally, the attraction 
of the earth will continually draw it downwards, out of 
the line of direction in which it was thrown, and make 
it descend to the earth in a curve. The particular 
form of the curve will depend on the velocity with 
which it is thrown. It will always begin to move in 
the line of direction in which it is projected ; but it will 
soon be turned from that line toward the earth. It will, 
however, continue nearer to the line of projection, 
in proportion as the velocity of projection is greater. 
Let A C (Fig. 118) be perpendicular to the hori- 
zon, and A B parallel to it, and let a stone be 
thrown from A in the direction of A B. It will, in 
every case, commence its motion in the line A B, 
which will therefore be a tangent to the curve it de- 

SB8. What is said of Sir Isaac Newton 1 

384. How is the principle of univera\ mV\\»£\<Hk w$$v&&. \&^& 
explanation of the celeatial motions 1 YUw V>& % «wga tosk< 
when thrown AaruonfaUy 1 Explain Fia> YVa 



scribes ; but, if it be thrown with a small velocft 
will soon depart from the tangent, describing the ci 

Kg. lie 




AD; with a greater velocity, it will describe a c 
nearer the tangent, at A E; and with a still gn 
velocity, it will describe the curve A F. 

285.* As an example of a body revolving h 
orbit under the influence of two forces, suppose a 




placed at any point, P, (Fig. 119,) above the sui 
of the earth, and let ? A \» Nhe &\Tfec£\<Hv <& ^ «s 



235. Explain the motwiaof a W? fam^* v». 
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center, or a line perpendicular to the horizon. If the 
body were allowed to move, without receiving any 
impulse, it would descend to the earth in the direction 
of P A with an accelerated motion. But suppose that 
at the moment of its departure from P, it receives a 
Wow in the direction P B, which would carry it to B 
in the time the body would fall from P to A ; then 
under the influence of both forces, it would descend 
along the curve P D. If a stronger blow were given 
to it in the direction P B, it would describe a larger 
curve, P E ; or, finally, if the impulse were sufficiently 
strong, it would circulate quite round the earth, de- 
scribing the circle P F G. With a velocity of projec- 
tion still greater, it would describe an ellipse, P I K ; 
and if the velocity were increased to a certain degree, 
the figure would become a parabola, L P M, — a curve 
which never returns into itself. 

286. Now let us con- 
sider the same princi- 
ples in reference to the 
motion of a planet around 
the sun. Suppose the 
planet to have passed 
\K the point C, (Fig. 120,) 
at the aphelion, with so 
small a velocity, that the 
attraction of the sun 
bends its path toward 
itself. As the body ap- 
proaches the sun, since 
the sun's attractive force 
is rapidly increased as 
the distance is dimin- 
ished, the planet's motion is continually accelerated, 
and becomes very swift as it approaches nearer the sun. 
But, when a body is re volving in a cmtn^ %.w\wqre*a ft><& 

388. h'xplmin the mttioiM of a planet (ran¥\i. Y»» 
8 
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velocity causes a rapid increase in the centrifugal font } I 
and makes it endeavor with more and more force to fly 
off in the direction of a tangent to its orbit. Hence, the 
increase of velocity as it approaches the sun, will not 
carry it into the sun, but the more rapid increase of 
the centrifugal force will keep it off, and carry it by, 
and finally make it describe the remaining portion of 
the curve, back to the place where it set out. After 
it passes the perihelion, at G, the sun's attraction con- 
stantly operates to hold it back, and as it proceeds 
through H and K to A and C, it is like a ball rolled 
up hill, until finally its motion becomes so slow, that 
the centrifugal force yields to the force of attraction, 
and it turns about to renew the same circuit. 

287. Since the nature of the curve which any planet , 
describes depends on the proportion between the two 
forces, of projection and attraction, astronomers have 
inquired what proportion must have been observed 
when the planets were first launched into space, in ' 
order that they should have revolved in the orbits they 
have ; and it is found that the forces were so adjusted 
as to make the centrifugal and attractive forces nearly 
equal, that of projection being a little greater. Had 
they been exactly equal, the curve would have been a 
circle ; and had the force of projection been much 
greater than it was, the ellipses would have been much 
longer, and the whole system much more irregular. 
The planets also revolve on their axes at the same time 
that they revolve around the sun ; and astronomers 
have inquired what must have been the nature of the 
impulses originally given, in order to have produced 
these two motions such as they are. If we strike a 
ball in the exact line of the center of gravity, it will 
move forward without turning on its axis ; but if we 

237. How were the forces of proAecUon a&& %ttx»fi&N& «&sm*k&>» 
each other, when the planets were fans. \AWMta& veto %v^ w<v ^«« 
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strike it out of that direction we can make it move for* 
ward and turn on its axis at the same time. It is cal- 
culated that the earth must have received the impulse 
which gave to her her two motions, at a distance from 
the center equal to the T £ 7 th part of the earth's radius. 
Such an impulse would suffice to give the two motions 
in question ; hut it would be presumptuous to under- 
take to assign the exact mode by which the Almighty 
first impressed upon the planetary system its harmoni- 
ous movements; and all such expressions as " launch- 
ing these bodies into space," or " impelling ,, them in 
certain directions, must be regarded as mere figures of 
speech. 

288. Besides explaining the revolutions of the hea- 
venly bodies, the principle of universal gravitation ac- 
counts for all their irregularities. Since every body 
in the solar system attracts every other, each is liable 
to be drawn out of its customary path, and all the 
bodies tend mutually to disturb each other's motions. 
Most of them are so far apart as to feel each other's 
influence but little ; but in other cases, where any two 
bodies come far within each other's sphere of attrac- 
tion, the mutual disturbance of their motions is very 
great. The moon, especially, has its motions con- 
tinually disturbed by the attractive force of the sun. 
When the sun acts equally on the earth and the moon, 
as it does when the two bodies are at the same dis- 
tance from him, he does not disturb their mutual rela- 
tions ; as the passengers on board a steamboat main- 
tain the same position with respect to each other, 
whether the boat is going with or against the current. 
But, at new moon, the moon being nearer the sun than 

must they have been impelled in order to have the two motions 1 
How must the earth have been struck 1 

288. Besides the revolutions of the heavenly bodies, for what else 
does the principle of universal gravitation account 1 How does the at- 
tnctioa of different bodies tend to affect ewta c*Qe*£ v^^»\"^K>afc. 
w mid of the moon 1 When does the lUb&iiftMfo i^\^\»!&x£wSa*w* 
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the earth is, is more attracted than the earth ; and ; 
full moon, the earth being nearer the sun than the moon 
is, is more attracted than the moon. Hence, in both 
cases, the sun tends to separate the two bodies. At 
other times , as when the moon is in quadrature, the 
influence of the sun tends to bring the bodies nearer to- 
gether* Sometimes it causes the moon to move faster, 
and sometimes slower; so that owing to these various 
causes, the moon's motions are continually disturbed, 
which subjects her to so many irregularities, that it 
has required vast labor and research to ascertain the 
exact amount of each, and so to apply it as to aaeign 
the precise place of the moon in the heavens at aajr 
given time, 

289. Among all the irregularities to which the 
heavenly bodies are subject, there is not one which the 
principle of universal gravitation does not account for, 
and even render necessary ; so that if it had never 
been actually observed, a just consideration of the con- 
sequences of the operation of this principle, wouM 
authorize us to say that it must take place. Indeed, 
many of the known irregularities were first discovered' 
by the aid of the doctrine of gravitation, and afterward 
verified by actual observation. Such a tendency of 
all the heavenly bodies to disturb each other's motions, 
might seem to threaten the safety of the whole system, 
and throw the whole into final disorder and ruin ; but 
astronomers have shown, by the aid of this same prin- 
ciple, that all possible irregularities which can occur 
among the planets, have a narrow, definite limit — in- 
creasing first on one side, then on the other, and thus 

of the moon and earth 1 When does the sun attract the moon more 
than the earth 1 When the earth more than the moon! What va- 
rious disturbances does it produce on the moon's motions ? 

289. Does the principle of universal gravitation account for the 
irregularities of the celestial moUowa^ Wovj >w*t% \s*vcp§ oC them 
first discovered ? Will these u¥e%\i\ttrivvsa ycotoofe tawsttat -«k 
ruin 1 What has been shown teapecivafc >^yx toox\ 
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vibrating for ever about a mean value, which secures 
the stability of the universe. 



CHAPTER VII. 
COMETS. 

DESCRIPTION — MAGNITUDE AND BRIGHTNESS — PERIODS — QUANTITY 
OP MATTER — MOTIONS — PREDICTION OF THEIR RETURNS — DAN- 
GERS. 

290. Nothing in astronomy is more truly admirable, 
than the knowledge which astronomers have acquired 
of the motions of comets, and the power they have 

• sained of predicting their return. Indeed, every thing 
belonging to this class of bodies is so wonderful, as to 
seem rather a tale of romance than a simple recital of 
facts. 

291. A comet, when perfectly formed, consists of 
three parts, the nucleus, the envelope, and the tail. 
The nucleus, or body of the comet, is usually distin- 
guished by its forming a bright point in the center of 
the head, conveying the idea of a solid, or at least of 
a dense portion of matter. Though it is usually very 
small when compared with the other parts of the comet, 
and is sometimes wanting altogether, yet it occasion- 
ally is large enough to be measured by the aid of the 
telescope. The envelope (sometimes called the coma, 
from a Latin word signifying hair, in allusion to its 
hairy appearance,) is a thick, misty covering, that sur- 
rounds the head of the comet. Many comets have no 
nucleus, but present only a foggy mass. Indeed, there 
is a regular gradation of comets, from such as are cpm. 
posed merely of a gaseous or vapory medium, to those 

290. What is said of the knowledge «jtaowrcrei& W*t syjccwtk. 
of comets 1 
291. Specify the several parts of a cOTK^w&towce^^^v^ 
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which have a well-defined nucleus. In some instances, 
astronomers have detected, with their telescopes, small 
stars through the densest part of the comet. The tail 
is regarded as an expansion or prolongation of the en- 
velope, and presenting, as it sometimes does, a train 
of astonishing length, it confers on this class of bodies 
their peculiar celebrity. These several parts are ex- 
hibited in Fig. 121, which represents the appearance 

Fig. 121 




of the celebrated comet of 1680, and which, in general 
size and shape, is not unlike that of 1843. The latter, 
however, was not so broad in proportion to its length, 
and its head (including the nucleus and coma) was far 
less conspicuous. 

292. In magnitude and brightness, comets exhibit 
great diversity. History informs us of several comets 
so bright as to be distinctly visible in the daytime, 
even at noon, and in the brightest sunshine. Such 
was the comet seen at Rome a little before the assas- 

the nucleus— the envelope— the tail. How did the comet of HBO 
compare with that of 1843 * 

292. What is said of the magnitude wvd \jtv^cw\xv*«& «R. cxrcc&>&\ 
Of the comet seen At Romel Of \Yiat ot\«»\ C>IYS*Y\ T&sm 
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■{nation of Julius Cocsar ; and, in a superstitious age, 
rery naturally considered as the precursor of that event. 
The comet of 1680 covered an arc of the heavens of 
ninety-seven degrees, sufficient to reach from the set- 
ting sun to the zenith, and its length was estimated at 
123,000,000 miles. The comet of 1811 had a nucleus 
only 428 miles in diameter, but a tail 132,000,000 
miles long ; and had it been coiled around the earth 
like a serpent, it would have reached round more than 
MOO times. Other comets are exceedingly small, the 
BMcleus being in one case estimated at only 25 miles ; 
which are destitute of any perceptible nu- 
appear to the largest telescopes, even when near- 

i us, only as a small speck of fog. The majority 

i can be seen only by the aid of the telescope. 

3, the same comet has different appearances at 

'different returns. Halley's comet, in 1305, was 

ibed by the historians of that age as the comet of 
•Mfcrriiic magnitude;" yet, in 1835, when it reap- 
njjisjHiil, the greatest length of its tail was only about 
tfoive degrees, whereas that of the comet of 1843 was 
about forty degrees. 

'293. The periods of comets, in their revolutions 
around the sun, are equally various. Encke's comet, 
which has the shortest known period, completes its 
revolution in 3£ years ; while that of 1811 is estimated 
to have a period of 3,383 years. The distances to 
which different comets recede from the sun are equally 
various. While Encke's comet performs its entire 
revolution within the orbit of Jupiter, Halley's comet 
recedes from the sun to twice the distance of Uranus, 
or 3600,000,000 miles. Some comets, indeed, are 
thought to go a much greater distance from the sun 

■mall are some comets 1 How does the same comet appear at its 
different returns 1 

298. What is said of the periods of the comets 1 Of Encke'i 
comet ? Of that of 1811 1 What of the d'ttlwic** Vo ^VmXsl^m^ 
recede from the sua f 
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than this; while same are supposed to pass into 
which do not, like the ellipse return into them 
and, in this case, they never come back to the s 

294. Comets shine hj reflecting tftf- lighi of \ 
In one or two cases, they have been thought to 
distinct phases^ like the moon, and experiment 
on the light itself, indicate that it is reflected i 
direct light. The tails of comets extend in ^ 
line from the sun y following the body as it a[ 
that luminary, and preceding the body as i\ 
from il, 

295- The quantity of matter in comets is exce 
small. The tails consist of matter so light, t 
smallest stars are visible through them* Tfi 
only be regarded as masses of thin vapor, sus< 
of being penetrated through their whole substa 
the sunbeams, and reflecting them alike froi 
interior parts ana* from their surfaces. " The 
clouds that float in our atmosphere," {says i 
astronomer, Sir John Ilerschel,) "must be look* 
as dense and massive bodies compared with thi 
and all but spiritual texture of a comet.' ' Th 
quantity of matter in comets is proved by tl 
that they have at times passed very near to s 
the planets, without disturbing their motions 
appreciable degree. As the force of gravity is 
proportioned to the quantity of matter, were the 
of these bodies at all comparable to their s 
coming near one of the planets, they woulc 
enormous tides, and perhaps even draw the 
itself out of its orbit. But the comet of 1770 
way to the sun, got entangled among the satel 
Jupiter, and remained near them four months ; 



294. By what light do comets shine l Do they ever exhibit 
What ia the direction of their tails 1 
295. Quantity of mallet \u come\&\ Y.ita«n\* ^vcnto*" 
proofs are stated to show iVieit him\\ qpA&&V) <A \oaxv«t\ 
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did not perceptibly change their motions. The same 
comet also came very near to the earth ; so that, had 
its quantity of matter been equal to that of the earth, 
it would, by its attraction, have caused the earth to have 
revolved in an orbit so much larger than at present, as 
to have increased the length of the year two hours and 
forty-seven minutes. Yet it produced no sensible effect 
on the length of the year. It may, indeed, be asked, 
what proof we have that comets have any matter, and 
are not mere reflexions of light ? The answer is, 
that although they are not able, by their own force of 
attraction, to disturb the motions of the planets, yet 
they are themselves exceedingly disturbed by the action 
of the planets, and in exact conformity with the laws 
of universal gravitation. A delicate compass may be 
greatly agitated by the vicinity of a mass of iron, while 
uie iron is not sensibly affected by the attraction of the 
needle. 

296. The motions of comets are the most wonderful 
of all their phenomena. When they first come into 
view, at a great distance from the sun, as is sometimes 
the case, they make very slow approaches from day to 
day, and even, in some cases, advance but little from 
week to week. When, however, they come near to the 
sun, their velocity increases with prodigious rapidity, 
sometimes exceeding a million of miles an hour ; they 
wheel around the sun like lightning ; and recede again 
with a velocity which diminishes at the same rate as 
it before increased. We have seen that the planets 
move in orbits which are nearly circular, and that 
therefore they always keep at nearly the same distance 
from the sun. Not so with comets. Their perihelion 
distance is sometimes so small that they almost graze 

said of the comet of 1770 1 What proof have we that they contain 
any matter 1 

298. What iaaaid of the motions of comfc\a\ ^WSa^/Skks?* 
at their orbits 1 Of their distance from the ««i *v ^ ^v&ftNw 
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his surface, while their aphelion lies far beyond 
the utmost bounds of the planetary system, toward* 
tho region of the stars, This was the case with the 
comet of 1680, and the same is probably true of the 
wonderful comet of 1843, But irregular as are llwir 
motions, they are all performed in exact oh&diencp 
to the great law of universal gravitation . The radio* 
vector a I way a passes over equal spaces in equal lime*; 
the greater length of the triangular space dtiscribpl 
at the aphelion, where the motion is so slow, being 
compensated by the greater breadth of the triangular 
space swept over at the perihelion, where the motion is 
so swift, 

297, The appearances of the same comet at duTercrt 
periods of its return arc so various, that we can never 

£ renounce a given comet to be the same with one thtt 
as appeared before, from any peculiarities in its form, 
size, or color, since in all these respects it is very 
different at different returns ; but it is judged to lie the 
same if its path through the heavens, as traced among 
the stars, is the same. If, on comparing two comets 
that have appeared at different times, they both moved 
in orbits equally inclined to the ecliptic ; if they crossed 
the ecliptic in the same place among the stars ; if they 
came nearest the sun, or passed their perihelion, in the 
same part of the heavens ; if their distance from the 
sun at that time was the same ; and, finally, if they 
both moved in the same direction with regard to the 
signs, that is, both east, or both west ; then we should 
pronounce them to be one and the same comet. But 
'd they disagreed in more or less of these particulars, 
we should say that they were not the same but different 
lx)dies. 

and at their aphelion 1 Are the motions of a comet subject to the 

laws of gravitation 1 

297. How do we determine \YvaX * covevev \» vVr. «ume with om 
that has appeared before 1 ^.Tiunvex^ve. Vsxt ^rnw^ v&x^n^s*^ 
which the two must agcee \ 
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298. Having established the identity of a comet with 
one that appeared at some previous period, the interval 
between the two periods would either be the time of its 
revolution, or some multiple or aliquot part of that 
time. Should we, for example, find a present comet 
to be identical with one that appeared 150 years ago, its 
period might be either 150 or 75 years, since possibly 
it might have returned to the sun twice in 150 years, 
although its intermediate return, at the end of 75 years, 
was either not observed or not recorded. Hence the 
method of predicting the return of a comet which has 
once appeared requires, first, that we ascertain with 
all possible accuracy the particulars enumerated in 
article 297, which are called the elements of the comet, 
and then compare these elements with those of other 
comets as recorded in works on this subject. The 
elements of about 130 comets have been found and 
registered in astronomical works, to serve for future 
comparison, but three only have their periodic times 
certainly determined. These are Halley's, Biela's, 
and Encke's comets ; the first of which has a period 
of 75 or 76 years ; the second, of 6 j years ; the third, 
of &} years. 

299. Halley's comet is the most interesting of these, 
and perhaps, on all accounts, the most interesting 
member of the solar system. It was the first whose 
return was predicted with success. Having appeared 
in 1682, Dr. Halley, a great English astronomer, then 
living, ascertained that its elements were the same 
with one that had appeared several times before, at 
intervals corresponding to about seventy-six years, and 
hence pronounced this to be its period, and predicted 

i ■ fc ■ i l. .— —m 

288. When the identity with a previous comet is established, how 
do we learn the time of its revolution 1 What is the method of pre- 
dicting their return 1 Of how many comets have the elements been 
determined 1 How many have theii period* wcWvcvY^ «kvo»»r&.\ 
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that in about seventy -six years more, namely, the Ut- 
ter part of 1758 or the beginning of 1759* it would 
return. It did so, and came to its perihelion cm the 
1 3th of March, 1759* What prevented his fixing the 
exact moment, was the uncertainty which then existed 
with respect la the effects of the planets in disturbing 
its motions. Since, in passing down to the sun, it would 
have to cross the orbits of all the planets, and would 
come near to some of them, it was liable thus to be 
greatly retarded in its movements by the power Jul at- 
traction of these great bodies. Before the *xact amount 
of this force could be estimated, the precise quantity 
of matter m those bodies must be known ; that is, they 
must be weighed* This bad been, at that time, i roper. 
fectly done. It has since been done with the greatest 
accuracy ; such large bodies as Jupiter and Saturn 
have been weighed as truly and exactly as merchan- 
dise is weighed tn scales. Hence, on the late return 
of Hallcy's comet, in 1835, the precise effect of all 
these disturbing forces was calculated, and the time 
of its return to the perihelion assigned to the very 
day. 

300. The success of astronomers in this prediction 
was truly astonishing. During the greatest part of this 
long period of seventy-six years, the body had been 
wholly out of sight, beyond the planetary system, and 
beyond the reach of the largest telescopes. It mo* 
be followed through all this journey to the distance of 
3600,000,000 of miles from the sun ; and, before the 
precise time of its reappearance could be predicted, 
the amount of all the causes that could disturb its mo- 
tions, arising from the various attractions of the plan- 
ets, must be determined and applied. Since, moreover, 
these forces would vary with every variation of the 

the planets ? How were the pteoicvWa xe«^ftcvva^ Halley's cornel 
Mb fled in 18351 . ^. ^ . 

800 What is said of the saccew ot wtoouo\xwc% vTk\\as>v"&£tes»N 
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distance, the calculation was to be made for every de- 
gree of the orbit, separately, through 360 degrees, for 
a period of seventy-six years. Guided, however, by 
such an unerring principle as universal gravitation, 
astronomers felt no doubt that the comet would be true 
to its appointed time, and they therefore told us, months 
beforehand, the time and manner of its first approach, 
and its subsequent progress. They told us that early 
in August, 1885, the comet would appear to the tele- 
scope as a dim speck of fog, at a certain hour of the 
night, in the northeast, not far from the seven stars ; 
that it would slowly approach us, growing brighter and 
larger, until, in about a month, it would become visible 
to the naked eye ; that, on the night of the 7th of Oc- 
tober, it would approach the constellation of the Great 
Bear, and move along the northern sky through the 
seven bright stars of that constellation called the Dip- 
per ; that it would pass the sun about the middle of 
November, and reappear again on the other side of 
the sun about the end of December. All these pre- 
dictions were verified, with a degree of exactness that 
constitutes this one of the highest achievements of 
science. 

801. Since comets which approach very near the 
sun, like the comets of 1680 and 1848, cross the on 
bits of all the planets, in going to the sun and return- 
ing, the possibility that one of them may strike the earth 
has often been suggested, and at times created great 
alarm. It may quiet our apprehensions on this subject 
to reflect on the vast extent of the planetary spaces, 
in which these bodies are not crowded together as we 
see them erroneously represented in orreries and dia- 
grams, but are sparsely scattered at immense distances 
from each other, resembling insects flying in the open 

Describe the difficulties attending it. What dvd ^TfeTCftueTtN&Voak 
beforehand 1 How were these prediction* tx&ftbtftA 
SOL What ia mid of the danger that aeouuft tr&tfxfe&vaA***** 
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heaven. Such a meeting with the earth is a very inv 

tirobable event ; and wore it to happen, so extremely 
ight is the matter of cornets, that it would protaWy 
be stopped by the atmosphere ; and if the matter it 
combustible, as we have some reason to think, it would 
probably be consumed without reaching the earth. 
And, finally, notwithstanding all the evils of whidi 
comets, in different ages of the world, have been con- 
sidered as the harbingers, we have no reason to ibmk 
that they ever did or ever will do the least injury to 
mankind. 



CHAPTER VIII. 
FIXED STARS. 

NUMBER CLAiimGATlMr, AND DMTANC* Of TIM BTARB— DJIT*^ 

KMT DRCKJrsJ AND VARIETUR NATURE OF THE OTA Hi, AND Tfli 

SYSTEM OF THE WORLD. 

302. Vast as are the dimensions of the Solar Sys- 
tem, to which our attention has hitherto been confined, 
it is but one among myriads of systems that compose 
the Universe. Every star is a world like this. The 
fixed stars are so called, because, to common observa- 
tion, they always maintain the same situations with re- 
spect to each other. In order to obtain as clear and 
distinct ideas of them as we can, we will consider, un- 
der different heads, the number, classification, and dis- 
tances of the stars — their various orders — their nature— 
and their arrangement in one grand system. 

Sec. 1. Of the Number, Classification, and Distances 
of the Stars. 

"What would happen if it should 1 Have comets ever been known 
to do any injury? 
302. Why are the fixed Btara bo ctWedA \3vAfet vftn*. &£kk*rx 
heads are the fixed slars considered 1 
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303. When we look at the firmament on a clear 
winter's night, the number of stars visible even to the 
naked eye, seems immense. But when we actually 
begin to count them, we are surprised to find the num. 
ber so small. In some parts of the heavens, half a 
dozen stars will occupy a large tract of the sky, al- 
though in other parts they are more thickly crowded 
together. Hipparchus of Rhodes, in ancient times, 
first counted the stars, and stated their number at 1322. 
If we stand on the equator, where we can see both the 
northern and southern hemispheres, and can-fully enu- 
merate the stars that come into view at all seasons of 
the year, the entire number will amount to 3000. The 
telescope, however, brings to view hosts of stars in- 
visible to the naked eye, the number increasing with 
every increase of power in the instrument ; so that we 
may pronounce the number of stars that are actually 
distributed through the fields of space, to be literally 
endless. Single groups of half a dozen stars, as seen 
by the naked eye, often appear to a powerful telescope 
in the midst of hundreds of others of feebler light. 
Astronomers have actually registered the positions of 
no less than 50,000 ; and the whole number visible in 
the largest telescopes amounts to many millions. 

304. The stars are classed by their apparent mag- 
nitudes. The whole number of magnitudes recorded 
is sixteen, of which the first six only are visible to the 
naked eye ; the rest are telescopic stars. These mag- 
nitudes are not determined by any very definite scale, 
but are merely ranked according to their relative de- 
grees of .brightness, and this is left in a great measure 
to the judgment of the eye alone. The brightest stars, 

903. Apparent number of the stars on a general view. Result 
when we count them. Who first made a catalogue of the stars 1 How 
many were included 1 What is the greatest number visible to the 
naked eye 1 Numbers visible in the telescope 1 Whole number 1 

904. How are the stars classed 1 How ito&v TE^Yt\\xutefc\ ^ts?.. 
many of them are visible to the naked eve \ ^Ntortvct^ut w*-^*"^ 
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to the number of fifteen or twenty, are considered as 
stars of the first magnitude ; the fifty or sixty next 
brightest, of the second magnitude; the next two 
hundred, of the third magnitude ; and thus the number 
of each class increases rapidly, as we descend the 
scale, so that no less than fifteen or twenty thousand 
are included within the first seven magnitudes. 

805. The stars have been grouped in constcUa&m 
from the most remote antiquity. A few, as Orion, 
Bootes, and Ursa Major, (the Great Bear,) are men- 
tioned in the most ancient writings, under the same 
names as they have at present. The names of the 
constellations are sometimes founded on a supposed 
resemblance to the objects to which those names be- 
long; as the Swan and the Scorpion were evidently 
so denominated from their likeness to these animals. 
But, in most cases, it is impossible for us to find any 
reason for designating a constellation by the figure of 
the animal or hero which is employed to represent it. 
Those representations were probably once connected 
with the fables of heathen mythology. The same fig- 
ures, absurd as they appear, are still retained for the 
convenience of reference ; since it is easy to find any 
particular star, by specifying the part of the figure tc 
which it belongs; as when we say a star is in the 
neck of Taurus, in the knee of Hercules, or in the tah 
of the Great Bear. This method furnishes a general 
clew to their position ; but the stars belonging to any 
individual constellation, are distinguished according 
to their apparent magnitudes, as follows : First, by the 
Greek letters, Alpha, Beta, Gamma, <fcc. Thus, Alpha 
of Orion, denotes the largest star in that constellation : 



How many stars of the first magnitude 1 How many of the second ' 
Of the third 1 How many within the first seven 1 

305. What is said of the antiquity of the constellations 1 Origii 
of their names 1 Why are the ancient ftgwrca utafasoA l^w %» 
the individual stars of a constellation denoted *\ 
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Beta, of Andromeda, the second star in that; and 
€hmma f of the Lion, the third brightest star in the 
Lion. When the number of the Greek letters is insuf- 
ficient, recourse is had to the letters of the Roman 
alphabet, a, b, c, dec. ; and in all cases where these 
are exhausted, the final resort is to numbers. This 
will evidently at length become necessary, since the 
largest constellations oontain many hundreds or even 
thousands of stars. 

306. When we look at the firmament on a clear 
Autumnal or Winter evening, it appears so thickly set 
with stars, that one would perhaps imagine, that the 
task of learning even the brightest of them would be 
almost hopeless. So far is this from the truth, that it 
is a very easy task to become acquainted with the 
names and positions of the stars of the first magnitude, 
and of the leading constellations. It is but, at first, 
to obtain the assistance of an instructor, or some friend 
who is familiar with the stars, just to point out a few 
of the most conspicuous constellations. A few of the 
largest stars in it will serve to distinguish a constella- 
tion, and enable us to recognise it. These we may 
learn first, and afterward fill up the group by finding 
its smaller members. Thus we may at first content 
ourselves with learning to recognise the Great Bear, by 
the seven bright stars called the Dipper; and we might 
afterward return to this constellation, and learn to 
trace out the head, the feet, and other parts of the ani- 
mal. Having learned to recognise the most noted of 
the constellations, so as to know them the instant we 
see them anywhere in the sky, we may then learn 
the names and positions of a few single stars of special 
celebrity, as Sinus, (the Dog-Star,) the brightest of all 
the fixed stars, situated in the constellation Canis Ma- 



306. la it a difficult task to learn the couteYtriYMA,«&&>&& 
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jor, (the Greater Dog ;) Aldebaran t in Taurus ; Are* 
turns* in Bootes ; Antares, in the Scorpion ; CaptUa, in 
the Wagoner. 

307 P It is a pleasant evening recreation for a small 
company of young astronomers to go out together, and 
learn one or two constellations every favorable eve- 
ning, until the whole are mustered. A map of the 
stars, placed where the company can easily resort to 
it, will, by a little practice, enable them to find the 
relative situations of the stars, with as much ease as 
they find those of places on the map of any country. A 
celestial globe, when it can be procured, is better still ; 
for it may be so rectified as to represent the exact 
appearance of the heavens on any particular evening. 
It will be advisable to learn first the constellations of the 
zodiac, which have the same names as the signs of 
the zodiac enumerated in Article 203, (Aries, Taurus, 
Geinim, &c. ;) although any order may be pursued 
that suits the season of the year. The most brilliant 
constellations are in the evening sky in the Winter.* 

308. Great difficulties have attended the attempt to 
measure the distances of the fixed stars. We must 
here call to mind the manner in which the distances 
of nearer bodies, as the moon and the sun, are ascer- 
tained, by means of parallax. The moon, for exam- 
ple, is at the same moment projected on different 
points of the sky, by spectators viewing her at places 
on the earth at a distance from each other. (See 
Art. 213.) By means of this apparent change of place 
in the moon, when viewed from different places, astron- 

* For more particular directions for studying the constellations, inclu- 
ding a description of the most important of them, the author begs leave to 
ref'T to his larger books, as the " School Astronomy," and " Letters on As- 

ironomy." 
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omers, as already explained, derive her horizontal par- 
allax, and from that her distance from the center of 
the earth. The stars, however, are so far off, that 
they have no horizontal parallax, but appear always 
in the same direction, whether viewed from one pari 
of the earth or another. They have not, indeed, until 
\ery recently, appeared to have any annual parallax; 
by which is meant, that they do not shift their places 
in the least in consequence of our viewing them at 
different extremities of the earth's orbit, — a distance 
of 190,000,000 of miles. The earth, in its annual 
revolution around the sun, must be so much nearer to 
certain stars that lie on one side of her orbit, than she 
is to the same stars when on the opposite side of her 
orbit ; and yet even this immense change in the place 
of the spectator, makes no apparent change in the 
position of the stars of the first magnitude ; which, 
from their being so conspicuous, were naturally infer- 
red to be nearest to us. Although this result does not 
tell us how far off the stars actually are, yet it shows 
us that they cannot be within a distance of twenty 
millions of millions of miles ; for were they within 
that distance, the nicest observations would detect in 
them some annual parallax. If these conclusions are 
drawn with respect to the largest of the fixed stars, 
which we suppose to be vastly nearer to us than 
those of the smallest magnitude, the idea of distance 
swells upon us when we attempt to estimate the re- 
moteness of the latter. Of some stars it is said, that 
thousands of years would be required for their light to 
travel down to us. 

309. By some recent observations, however, it is 
supposed that the long sought for parallax among the 
Axed stars has been discovered. In the year 1838, 

fixed stars 1 Hare the stare in generaX mfj Yiofvurctak ^t^mI 1 . 
What is meant by saying that the star* \iave tko wmsA \f««»* 
Bejeod what distance most the gjreal \>c4v cC Vn* ^as*^^ 
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Professor Bessel, of Koningsberg* (Prussia,) announced 
the discovery of a parallax in one of the stars of the 
constellation Swan, (61 C$gni t ) amounting to about 
one thM of a stcond* This seems, indeed, so small an 
an o-l e, that we mi^ht have reason to suspect the reality 
of the determination ; but the most competent juoV^. 
who have thoroughly examined the process by which 
the discovery was made, give their assent to it. What, 
then, do astronomers understand when they say, thai a 
parallax has been discovered in one of the fixed stara, 
amounting to one-third of a second ? They mean that 
the star in question apparently shifts its place in the 
heavens to that amount, when viewed at opposite ex- 
tremities of the earth's orbit ; namely, at points in 
space distant from each other 190,000,000 of miles. 
Let us reflect how small an arc of the heavens is one- 
third of a second ? The angular breadth of the sun is 
but small, yet this is toward six thousand times as 
great as the discovered parallax. On calculating the 
distance of the star from us, by this means, it is found 
to be six hundred and fifty-seven thousand seven 
hundred times ninety- five millions of miles,— a dis- 
tance which it wouMjaAce light more than ten years to 
traverse. 

Sec. 2. Of Groups and Varieties of Stars. 

310. Under this head, we may consider Double, 
Temporary, and Variable Stars ; Clusters and Nebu- 
las. Double Stars are those which appear single to the 
naked eye, but are resolved into two by the telescope ; 
or, if not visible to the naked eye, they are such as, 



809. Give an account of the discovery of the parallax of 61 Cvgni. 
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when seen in the telescope, are so close together as to 
he regarded as objects of this class. Sometimes, three 
or more stars are found in this near connection, consti 
tuting triple or multiple stars. Castor, for example, 
(one of the two bright stars in the constellation Gemi- 
ni,) when seen by the naked eye, appears as a single 
star ; but in a telescope, even of moderate power, it is 
resolved into two. These are nearly of equal size ; 
but, more commonly, one is exceedingly small in com- 
parison with the other, resembling a satellite near its 
primary, although in distance, in light, and in other 
characteristics, each has all the attributes of a star, 
and the combination, therefore, cannot be that of a star 

Fig. 139. 




with a planetary satellite. The diagram shows four 
double stars, as they appear in large telescopes. 

811. A circumstance which has given great interest 
to the double stars is, the recent discovery that some 
of them revolve around each other. Their times of 
revolution are very different, varying in the case of 
those already ascertained, from 43 to 1000 years, or 
more. The revolutions of these stars have revealed to 
us this most interesting fact, that the law of gravitation 

Wfrtt are double stars'? Give an exwnvpXe va.*i**X«*» "Woe* "w 
aot the smaller rttrbea planetary wAtWweA 
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extend* to thtfxed stars. Before these disco veriea t we 
could not decide, except by a feeble analogy, that this 
law extended beyond the bounds of the solar system- 
Indeed, our belief rested more upon our idea of unity 
of design in the works of the Creator, than upon any 
certain proof; but the revolution of one star around 
another, in obedience to forces which are proved to he 
similar to those which ^ovem the solar sy stern, estab- 
lishes the grand conclusion, that the law of gravitation 
is truly the law of the material universe. 

312. Temporary Stars are new stars, which have 
appeared suddenly in the firmament, and after a oemm 
interval, as suddenly disappeared, and returned do 
more. It was the appearance of a new star of this 
kind, one hundred and twenty -five years before the 
Christian era, that prompted Hipparchus to draw up a 
catalogue of the stars, so that future astronomers 
might be able to decide the question, whether the starry 
heavens are unchangeable or not. Such, also, was 
the star which suddenly shone out in the year 289, in 
the constellation Eagle, as bright as Venus, and after 
reumt ni ng three weeks, d isappcared entirely. In 1 572 t 
a new star suddenly appeared, as bright as Sirius, and 
continued to increase until it surpassed Jupiter when 
brightest, and was visible at mid-day. Tn a month, it 
be^an to diminish ; and T in three weeks afterward, it 
entirely disappeared. It is also found .hat stars are 
now missing, which were inserted in ancient catalogues, 
as then existing in the heavens. 

313. Variable Stars are those which undergo a pe- 
riodical change of brightness. One of these is the 
star Mira, in the whale. It appears once in eleven 

311. What has recenth given great interest to the double stars 1 . 
What inference is made leepecuuvi the law of gravitation 1 
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months, remains at its greatest brightness about a fort- 
night, being then equal to a star of the second magni- 
tude. It then decreases about three months, until it 
becomes completely invisible, and remains so about 
five months, when it again becomes visible, and con- 
tinues increasing during the remaining three months 
of its period. Another variable star in Perseus, goes 
through a great variety of changes in the course of 
three days. Others require many years to accomplish 
the period of their changes. 

314. Clusters of stars will next claim our attention. 
In various parts of the sky, in a clear night, are seen 
large groups which, either by the naked eye, or by 
the aid of the smallest telescope, are perceived to con- 
sist of a great number of small stars. Such are the 
Pleiades, Coma Berenices, (Berenice's Hair,) and 
Prsesepe, or the Beehive, in Cancer. The Pleiades, 
or Seven Stars, as they are called, in the neck of Tau- 
rus, is the most conspicuous cluster. With the naked 
eye, we do not distinguish more than six stars in this 
group ; but the telescope exhibits fifty or sixty stars, 
crowded together, and apparently separated from the 
other parts of the starry heavens. Berenice's Hair, 
which may be seen in the summer sky in the west, a 
little westward of Arcturus, has fewer stars, but they 
are of a larger class than those which compose the 
Pleiades. The Beehive, or Nebula of Cancer, as it is 
called, is one of the finest objects of this kind for a 
small telescope. A common spy-glass, indeed, is suf- 
ficient to resolve it into separate stars. It is easily 
found, appearing to the naked eye somewhat hazy, 
like a comet, the stars being so near together that their 
light becomes blended. A reference to a celestial 
map or globe will show its exact position in the con- 

318. What are variable stare 1 GWe Mk «im&^ Y^lKa^**^* 
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stellation Cancer, and it will well repay those who can 
command a telescope of any size, for the trouble of 
looking it up. A similar cluster in the sword handle 
of Perseus, near the well-known object, Cassiopea's 
Chair, in the northern sky, also presents a very beau- 
liful appearance to the telescope. 

315. Nebula are faint, misty appearances, which 
am dimly seen among the stars, resembling comets, or 
a speck of fog. A few are visible to the naked eye ; 
one, especially, in the girdle of the constellation 
Andromeda, which has often been reported as a newly 
discovered comet. The greater part, however, are 
visible only to telescopes of greater or less power. 
They are usually resolved by the telescope into 
myriads of small stars ; though, in some instances, no 
powers of the telescope have been found sufficient to 
resolve them. The Galaxy, or Milky Way, presents 
a continual succession of large nebulae. The great 
English astronomer, Sir William Herschel, has given 
catalogues of 2,000 nebulae, and has shown that 
nebulous matter is distributed through the immensity 
of space in quantities inconceivably great, and in 
separate parcels of all shapes and sizes, and of all 
degrees of brightness, between a mere milky veil and 
the condensed light of a fixed star. In fact, more 
distinct nebulae have been hunted out by the aid of 
telescopes, than the whole number of stars visible to the 
naked eye in a clear winter's night. Their appearances 
are extremely diversified. In many of them we can 
easily distinguish the individual stars ; in those 
apparently more remote, the interval between the stars 
diminishes, until it becomes quite imperceptible ; and 
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m rie!r "kimest isoeet neviwinuio "3 hjhus.>u in:-."*, 
as T3 >? *cTTr*nnatr-*v .'ailiM ;«ar '/«««. ?'?*L'ii'i " .^. «u 
M&T3 an* lisnncitv n-iibie. ut n:v -treat*** r w.-ilh 
of milkr i^r.:. .n •m^cis ~u :Lsvaut is ;icw usx.-- •- 
blaj°s if "-tar*, mv LirDareat ■nier ,p ;u itnvi-eti !.-.iu 
arcac Imni*" in .mmeiise -listanv? . uiu vere *e ■* s..%i* 
oar «tan.*'n n tie md.«t ■»" "ht'tn. x irrnstiiiti!-- *■ ui-i 
expanii -irPi:" Tw»r »ur leads ii;t» "tiac n" »ur -v-.uiii^ 
sky. ztL~ i Thousand "lmes mon* Tu'i Ami >4ii'..i-..:v. ; 
ac<2 were re ~:i "nice )ur view nun suirii i ,i»iuiu si:i 
of :he Tubers**. :t is r nou«iht jy uscvuimun* Ki. .-ar 
own starry heavens w?uiii jl'A .vx\\ iv^c-vr '.■-.' >o 
sain-; *:■* is: fny^ier.ous Li^hc. md .v *.v« *s .t -u ut 
nebul? en the utmost verje of ereutiou. 

316. Many of the nebulae exhibit a i?ikiem'\ ivwa^U 
a globular form, and indicate a rapid ivihivtt*4tu*ft 
toward the center. These wonderful objiv-ii, h»»\w\or, 
are not confined to any purlieu I ur form, hui o\tiiUi 
great varieties of figure. SomvtiiiirN thn\ upprui ol 
an oval form ; sometimes thry urn hliupml hKu u urn 3 
and the un resolvable kind often iimsiiiiut itm huiM 
fantastic forms. But, sinew nlijiru ul ihta kind uuim 
be seen before they can ta fully iindi-.i4ii.rid, h ia I»"|ji:iI 
the learner will avail hinwlf #if any ojip-nhiniiy l.i. n.ay 
have to contemplate th^m »hr'»n$/h ih#< h I* <>f.<,j f i. ir.m,. 
of them are of astonishing duri' n-ii/«v i-« I* »■■ i,-ii i.>H<: 
to say of many a ri* l ,*s!* % *?«*♦ »t *'.-»w ##^.r •».*.. • .<».* 
the wholeso!a-*y***rr» *rr v-*/**£ ■/ .*.,/, .. #.#. ». m^. 
orbit of Urar. -a. 

Sec. £. *V \i* ^it*** \f **a *•#**. *«,/ >iA >• r '4*„ 
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317. We have men that the stag* ere so dtsjant, lh# 
not only would the earth dwindle to* point, and entheefj} 
vanish as seen from the oeerestof them* but that the sa* 
itself would appear .onjy-a* a distant star, less brilljasl 
than many of the tiara appear to lie. The diaweterc* 
the orbit of Uremia, which ja about ?6()<yX>0,OOq ,o4 
miles, would, aa seen from, the nearest star, appear.**. 
small that the finest heir would more than qopsi 
it. The teleaeope itaeH seems to lpep all power whs* 
applied to measure the inagmtude* of the stars; &£ 
although it may greatly increase their Ujght* so a* to 
make them daaude the eye like the sun, yet k makes 
them no larger. They are still sinning pomts* W% 
may bring them, in efiect, 6000 times ueaxer, and, yet 
they are still too distant 1o appear otherwise than point*, 
It would, therefore, seem fruitless fo inquire into, Joe 
nature of bodies so far from ue, and which reveaJt 
themselves to us only as shining points in space. Still 
there are a few very satisfactory inferences that can be 
made out respecting them. 

318. First, the fixed stars are bodies greater than our 
earth. Were the stars no larger than the earth, it 
would follow, on optical principles, that they could not 
be seen at such a distance as they are. Attempts have 
been made to estimate the comparative magnitudes of 
the brightest of the fixed stars, from the light which 
they afford. Knowing the rate at which the intensity 
of light decreases as the distance increases, we can 
find how far the sun must be removed from us, in order, 
to appear no brighter than Sirius. The distance is 
found to be 140,000 times its present distance. But 
Sirius is more than 200,000 times as far off as the 
sun ; hence it is inferred, that it must, upon the lowest 
estimate, give out twice as much light as the sun ; or 
- .,",', i i — ■ ' 

317. How would our «m appear ftom Vbft ware* fixed star t 
How broad would the oibit of Utannm uweat'V 
318. W&atMflaidofthenuoCihe*»x»'\ Kx«fe**M»* 
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that, in point of splendor, Sirius must be at least equal 
to two suns. Indeed, it is thought that its light equals 
that of fourteen suns. There is reason, however, to 
believe, that th? stars are actually of various magni- 
tudes, and that their apparent difference is not owing, as 
some have supposed, merely to their different distances. 
The two members of the double star in the Swan, (61 
Cygni,) the motion of one of which has led to the 
discovery of a parallax, (see Art. 309,) are severally 
thought to have less than half the quantity of matter in 
the sun, which accounts for their appearing so diminutive 
in size, while they are apparently so much nearer to us 
than the great body of the stars. 

319. Secondly, the fixed stars are Suns. It is inferred 
that they shine by their own light, and not like the 
planets, by reflected light, since reflected light would 
be too feeble to render them visible at such a distance. 
Moreover, it can be ascertained by applying certain 
tests to light itself, whether it is direct or reflected 
light ; and the light of the stars, when thus examined, 
proves to be direct. Since, then, the stars are large 
bodies like the sun ; since they are immensely farther 
off than the farthest planet ; since they shine by their 
own light ; and, in short, since their appearance is, 
in all respects, the same as the sun would exhibit if 
removed to the region of the stars, the conclusion is 
unavoidable that the stars are suns. We are justified, 
therefore, by sound analogy, in concluding that the 
stars were made for the same end as the sun ; namely, 
as the centers of attraction to other planetary worlds, 
to which they severally afford light and heat. The 
chief purpose of the stars could not have been 
to adorn the firmament, or to give light by night, 
since by far the greater part of them are invisible to 

mmsnitaaea ? How large are the Wro nverrtow* *A >tofc fcwfi&fc. ^&»> 
-fflft How is it showa that the fltaxs we ■•wrt , ««^*i*.^»* w 
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the naked eye ; nor as landmarks to the navigator, for ! 
only a small portion of tbem are adapted to this pur. i 
pose ; nor, finally, to influence the earth by their tt> 1 
tractions, since their distance renders such an effect I 
entirely insensible. If they are suns, and if they ex- 
ert no important agencies upon our world, but are 
bodies evidently adapted to the same purpose as our 
sun, then it is as rational to suppose that/ they were 
made to give light and heat, as thai the eye was made 
for seeing and the ear for hearing. 

320. We are thus irresistibly led to the conclusion, 
that each star is a world within itself, — a sun, attend- 
ed, like our sun, by planets to which it dispenses light 
and heat, and whose motions it controls by its attrac- 
tion. Moreover, since we see all things on earth con- 
trived in reference to the sustenance, safety, and hap- 
piness of man, — the light for his eyes, the air for his 
lungs, the heat to warm him, and to perform his labors 
by its mechanical and chemical agencies ; since we see 
the earth yielding her flowers and fruits for his sup- 
port, and the waters flowing to quench his thirst, or to 
bear his ships, and all the animal tribes subjected to 
his dominion ; and, finally, since we see the sun him- 
self endued with such powers, and placed at just such 
a distance from him, as to secure his safety and min- 
ister in the highest possible degree to his happiness ; 
we are left in no doubt that this world was made for 
the dwelling place of man. But, on looking upward 
at the other planets, when we see other worlds resem- 
bling this in many respects, enlightened and regulated 
by the same sun, several of them much larger than the 
earth, furnishing a more ample space for intelligent 
beings, and fitted up with a greater number of moons 



made *? Might it not have been to give light by night— to aflbrd land- 
marks to the navigator—or to exert ancwex oC^\x^eV\owo\\Ahe e«xtht 
820. To what conclusion axe we mua \*<1\ ^o& viWv «»&. ^«s% 
the Btara toad* % 
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to give them light by night, we can hardly resist the 
conclusion that they, too, are intended as the abodes of 
intelligent, conscious beings, and are not mere solitary 
wastes. Finally, the same train of reasoning conducts 
us to the conclusion, that each star is a solar system, 
and that the universe is composed of worlds inhabited 
by different orders of intelligent beings. 

921. It only remains to inquire respecting the Sys- 
tem of the World, or to see in what order the various 
bodies that compose the universe are arranged. One 
thing is apparent to all who have studied the laws of 
nature, — that great uniformity of plan attends every 
department of the works of creation. A drop of water 
has the same constitution as the ocean ; a nut-shell of 
air, the same as the whole atmosphere. The nests 
and the eggs of a particular species of birds are the 
same in all ages ; the anatomy of man is so uniform, 
that the mechanism of one body is that of the race. 
A similar uniformity pervades the mechanism of the 
heavens. To begin with the bodies nearest to us, we 
see the earth attended by a satellite, the moon, that 
revolves about her in exact obedience to the law of 
universal gravitation. Since the discovery of the tel- 
escope has enabled us to see into the mechanism of 
the other planets, we see that Jupiter, Saturn, and 
Uranus, have each a more numerous retinue, but all 
still fashioned according to the same model, and obe- 
dient to the same law. The recent discovery of the 
revolution of one member of a double star Q/IQ'wdjJn^ 
other, shows that the same organization ext^^fothe 
stars ; and certain motions of our own sjuii and his 
attendant worlds, indicate that our systenj is likewise 
slowly revolving around some other sysjem. In each 
of the clusters of stars and nebulae, we /also see a mul- 
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321. What is said of the uniformity of plan visible in the work* at 

nature 1 Show that a similar uniformity prev%\\feV&^ nw^^n, 

of the celestial bodies. How is this exempYvte^ w^^«m^ 

Kter, Saturn, and Uranus 1 In the revoYuUou&tf doxtoW***^^** 
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titude of stars assembled together into one group ; and, 
although we have not yet been able to detect a common 
system of motions of revolution among them, and od 
account of their immense distance, particularly of the 
nebulae, perhaps we never shall be able, yet this very 
grouping indicates a mutual relation, and the symmet- 
rical forms which many *f them exhibit, prove an or- 
ganization for some common end. Now such is the 
uniformity of the plan of creation, that where we have 
discovered what the plan is in the objects nearest to us, 
we may justly infer that it is the same in similar ob» 
jects, however remote. Upon the strength of a sound 
analogy, therefore, we infer revolutions of the bodies 
composing the most distant nebulae, similar to those 
which we see prevail among all nearer worlds. 

322. This argument is strengthened and its truth 
rendered almost necessary, by the fact that without 
such motions of revolution, the various bodies of the 
universe would have a tendency to fall into disorder 
and ruin. By their mutual attractions, they would all 
tend directly toward each other, moving at first, in- 
deed, with extreme slowness, but in the lapse of ages, 
with accelerated velocity, until they finally rushed to- 
gether in the common center of gravity. We can con- 
ceive of no way in which such a consequence could 
be avoided, except that by which it is obviated in the 
systems which are subject to our observation, namely, by 
a projectile force impressed upon each body, which 
"i^kes it constantly tend to move directly forward in a 
blins'tnisV ^ ut wn ^ c ^» wnen combined with the force 
k„ *iL o^yistinir mutually in all the bodies of the 
by the same xU ° , J . , .. , 

earth furnisl tnem harmonious revolutions around 

beings, and fit «.. 
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323. We see, then, in the subordinate members of 
the solar system, in the earth and its moon, in Jupiter, 
Saturn, and Uranus, with their moons, a type of the 
mechanism of the world, and we conclude that the 
material universe is one great system ; that the combi- 
nation of planets with their satellites, constitutes the 
first or lowest order of worlds ; that, next to these, 
planets are linked to suns ; that these are bound to other 
suns, composing a still higher order in the scale of 
being; and, finally, that all the different systems of 
worlds move around their common center of gravity. 

324. The view which the foregoing considerations 
present to us of the grandeur of the material universe, 
is almost overwhelming; and we can hardly avoid 
joining in the exclamations that have been uttered, 
after the same survey, upon the insignificant place 
which we occupy in the scale of being, nor cease to 
wonder, with Addison, that we are not lost among the 
nfinitude of the works of God. It is cause of devout 

'.hankfulness, however, that omniscience and benevo- 
lence are at the helm of the universe ; that the same 
hand which fashioned these innumerable worlds, and 
put them in motion, still directs them in their least as 
well as in their greatest phenomena ; and that, if such 
a view as we have taken of the power of the Creator, 
fills us with awe and fear, the displays of care mani- 
fested in all his works for each of the lowest of his 
creatures, no less than for worlds and systems of worlds, 
should conspire with what we know of his works of 
Providence and Grace, to fill us with love and adora 
lion. 

823. Describe the system of the world. 

324. What is said of the grandeur of these views 1 What in upe- 
eial cause of thankfulness 7 How should the contemplation of the 
subject affect us 1 
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